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DIGEST 


This  report  summarises  the  results  of  a  six-year  research  program 
which  was  established  because  it  was  desirable  first  to  survey  the  litera¬ 
ture  concerning  the  action  and  use  of  UV  radiation,  and  second,  to  determine 
experiment ally  tho  susceptibility  of  various  types  of  microorganisms  when 
exposed  to  radiation  under  conditions  that  might  be  found  in  the  infectious 
disease  laboratory.  Finally  it  was  planned  to  use  the  assembled  data  as  a 
guide  in  developing,  designing,  and  testing  suitable  UV  installations  for 
use  in  the  infectious  disease  laboratory.  Germicidal  UV  radiation  is  used 
in  industry  for  protection  of  personnel  and  protection  of  the  product.  Its 
uses  in  this  report  have  boon  directed  primarily  toward  protection  of  per¬ 
sonnel  and  tost  animals. 
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1.  INTRODUCTION 


During  the  past  several  decades  an  enormous  amount  of  experimental 
evidence  has  accumulated  demonstrating  the  bactericidal,  virucidal,  and 
fungicidal  properties  of  ultraviolet  (UV )  radiation.  For  the  most  part 
this  has  boon  a  direct  result  of  the  development  of  new  and  better  types 
of  artificial  UV  sources,  As  a  result  of  these  data,  the  germicidal  prop¬ 
erties  of  UV  radiation  arc  well  established  and  accurately  defined,  and 
the  radiations  are  being  usod  in  many  practical  instances  where  the  de¬ 
struction  of  microorganisms  is  required.  Ultraviolet  radiation  is  also 
widely  used  as  a  research  tool  in  the  fields  of  cytochemistry  and  photo¬ 
chemistry.  These  latter  uses,  as  well  as  its  employment  as  a  mutagen  for 
a  variety  of  purposes,  will  not  bo  discussed  in  this  report. 

In  safety  programs  for  laboratories  handling  highly  infectious  materi¬ 
als,  UV  radiation  was  given  early  consideration.  It  seemed  probable  that 
the  germicidal  properties  of  radiant  energy  could  be  utilised,  in  conjunc¬ 
tion  with  other  control  measures,  to  roduco  the  number  of  instances  in 
which  laboratory  workors  become  infected  with  the  microorganisms  vlth 
which  they  work,  It  was  also  thought  that  the  radiations  could  be  used  for 
controlling  tho  common  airborne  or  dust-borne  microorganisms  which  harass 
the  bacteriologist  by  continually  infiltrating  sterile  media  and  equipment. 

Survey  information  presently  available  on  tho  frequency  of  laboratory- 
acquired  occupational  illnesses  in  this  country  emphasizes  the  need  which 
exists  for  various  types  of  germicidal  agents.  The  survey  of  Sulkin  and 
lMko  (278)*  in  1961,  listed  1842  laboratory-acquired  infections,  including 
diseases  such  as  tularemia,  psittacosis,  tuberculosis,  Q  fever,  and  glandere. 
When  the  survey  was  brought  up  to  date  in  1956,  (301)  a  total  of  2262  lab¬ 
oratory  infections  were  listed.  It  is  believed  that  the  reported  infections 
represent  only  a  fraction  of  those  actually  ocourring  because  correot  di¬ 
agnosis  is  difficult  in  many  instances,  and  there  have  been  few  attempts  to 
discover  inapparont  infections, 

Tho  evaluation  of  many  of  the  procedures  and  techniques  used  in  infec¬ 
tious  disease  laboratories  (237.238,244,288,300,319)  and  the  realisation  of 
tho  hazards  attending  those  techniques,  particularly  thoae  involving  air 
transmission  of  disease,  also  suggests  the  need  for  the  uee  of  aerogenic 
disinfectants  such  as  UV  radiation. 

Several  facts  wore  noted  early  in  the  efforts  to  determine  the  utility 
of  UV  radiation  in  bacteriological  laboratories.  Much  of  the  quantitative 
experimental  data  available  wore  of  little  value  when  attempts  were  made  to 
apply  the  information  to  practical  uee.  The  most  obvious  reasons  for  this 
wore  tho  lack  of  aocurate  measurements  of  UV  intensity  and  variations  in  the 
UV  sources  used,  in  the  methods  of  exposure  and  in  the  types  of  test  organ¬ 
isms  employed.  In  addition,  various  workers  have  not  agreed  on  the  effeot 


#  All  euoh  numbers  in  parentheses  refer  to  applicable  literature  references) 
see  Literature  Cited,  page  251, 


of  relative  humidity  and  other  physical  factors  affecting  the  biological 
reaction.  It  was  evident  that  the  radiations  could  be  used  in  many  differ¬ 
ent  ways,  and,  for  the  most  part,  oach  use  would  require  a  specially  designed 
installation.  Other  factors  were  encountered,  such  as  the  hasard  of  cutn,- 
neous  or  ocular  burns  from  artificial  UV  sources,  the  effect  of  UV  radiation 
on  exposed  equipment,  and  the  effects  of  osone. 

The  investigational  program  which  is  reported  here  was  established  be¬ 
cause  it  was  desirablo  first  to  survey  the  literature  concerning  the  aotion 
and  use  of  UV  radiation,  and  second,  to  determine  experimentally  the  sus¬ 
ceptibility  of  various  types  of  microorganisms  when  exposed  to  radiation 
under  conditions  that  might  be  found  in  the  infectious  disease  laboratory. 
Finally  it  was  planned  to  use  the  assembled  data  as  a  guide  in  developing, 
designing,  and  testing  suitable  UV  installations  for  use  in  the  infectious 
disease  laboratory. 

Germicidal  UV  radiation  is  used  in  industry  for  protection  of  personnel 
and  protection  of  the  product.  Its  uses  in  this  report  have  been  directed 
primarily  toward  protection  of  personnel  and  tost  animals. 
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II.  GENERAL  CHARACTERISTICS  OF  UV 


A.  HISTORY 

In  1878  two  English  scientists.  Downs  and  Blunt  (88),  discovered  that 
sunlight  was  bactericidal*  This  discovery  lad  to  the  early  pioneering  on 
sunlight  during  the  last  decade  of  the  19th  century  (13,14,69,296,297). 

In  1892  it  was  suggested  that  a  specific  region  of  tha  sun's  radiation  was 
responsible  for  bactericidal  effects  (297).  A  Danish  physician,  Niels 
fydberg  fineen,  established  tha  fact  that  two  of  the  outatanding  affects 
of  sunlight,  the  bactericidal  action,  and  tha  production  of  photo-erythema, 
resulted  from  invisible  UV  radiation.  Many  studies  followed  in  whioh  in¬ 
vestigators  studied  sunlight  to  learn  more  about  the  bacterioidal  UV  radia¬ 
tion.  However,  it  was  soon  realized  that  the  sun  is  a  very  unreliable 
source  of  radiation  because  the  intensity  varies  with  the  time  of  day,  the 
soason  of  the  year,  and  the  elevation  above  sea  lavel  (25).  .The  develop¬ 
ment  of  artificial  UV  radiation  sources  gave  great  impetus  to  studies  of 
tho  germicidal  activity  of  this  radiation,  The  three  principal  types  of 
artificial  sources  in  use  today  as  listed  by  Ellingor  (74)  are»  (a)  the 
arc  lamps)  carbon  and  mercury  vapor)  (b)  the  glow  lamps,  mercury  or  hydro¬ 
gen  discharge  tubes;  and  (c)  the  spark  lamps,  such  as  the  iron  electrode 
where  a  discharge  takes  place  between  cold  electrodes. 

Radiation,  whether  visible  or  invisible,  is  an  electromagnetic  vibra¬ 
tion,  It  is  considered  to  be  a  wave  or  a  quantum  phenomenon.  Theao  waves 
are  propagated  at  a  speed  of  about  186,300  miles  per  second.  Different 
types  of  light  are  defined  according  to  the  length  of  the  wave  (Figure  1). 
The  radiant  one rgy  1s  in  the  form  of  photons,,  the  energy  per  photon  being 
a  function  of  the  frequency  of  the  waves  (oscillations  par  second).  As  the 
wave  length  becomes  smaller,  the  one rgy)  value  of  the  photon  increases  and 
tho  wave  frequoncy  increases.  The  energy  state  of  UV  radiation,  as  compared 
to  Infrared  radiation,  is  responsible  for  the  greater  antimicrobial  effecta 
of  the  former.  Radiant  energy  is  absorbed  by  the  organisms  and  used  in  the 
photo,,, decomposition  of  many  of  the  essential  compounds  and  ensymea.  Some 
of  the  infrared  radiation  would  be  absorbed)  however,  this  would  not  have 
the  onergy  to  rupture  any  chemical  bonds.  Monochromatic  light,  or  radiation 
of  ono  wave  length,  is  rarely  encountered  except  when  obtained  by  special, 
lamps  or  special  prisms  and  filters.  Consequently,  it  is  customary  to  des¬ 
ignate  various  regions  in  the  radiant  energy  spectrum  according  to  approxi¬ 
mate  maximum  and  minimum  wave  length*. 

The  visible  portion  of  tho  spoctrum  includes  radiations  whose  wave 
lengths  lie  between  about  4000  and  7700  angstrom  units  (4000A  to  7700A), 

That  portion  generally  designated  as  ultraviolet  inoludei  all  the  radia¬ 
tions  from  those  overlapping  the  X  rays  (about  150A),  to  thoae  bordering 
the  visible.  The  spectrum  is  further  divided  on  an  arbitrary  basis  which 
deponds  upon  tho  use  for  which  the  radiation  is  intended.  Wave  lengths 
shorter  than  2000A  have  been  called  the  Schumann  region.  The  portion  most 


Figure  1, 
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commonly  studied  for  bactericidal  properties  extends  from  2000A  to  3100A 
and  is  often  called  tho  abiotic  region  because  these  wave  lengths  kill  or  , 
injure  cells.  Cellular  destruction  does  not  oocur  in  the  3100A  to  4000A 
range  to  the  samo  extent  as  with  the  shorter  radiation.  c 

0 

It  is  conveniont  to  divide  the  entire  UV  spectrum  into  four  general 
regions,,  based  upon  the  use  of  the  radiation.  These  four  regions  cannot  be 
accurately  defined  because  thoir  effects  tend  to  overlap  the  defined  limit. 

Region  In  4000A  to  320QA  •  This  is  the  region  nearest  the  visible  and 
provides  radiation  which  is  used  to  produce  fluorescent  effects  and  photo¬ 
chemical  reactions. 

Region  2i  3200A  to  2800A  -  Sometimes  called  biologically  effective 
radiation.  This  radiation  is  antirachitic  and  aids  in  the  production  of 
vitamin  D.  Erythema  and  tanning  is  also  produced. 

Region  3r  3000A  to  2000A  -  This  region  comprises  the  radiation  which 
destroys  baote ri a,  yeasts,  viruses  and  molds. 

Region  4 i  Below  2000A  -  This  radiation  is  absorbed  by  the  oxygen  in  the 
air  ana  converts  the  latter  into  ozone.  Radiation  below  1000A  will  ionise 

air  constituent;* • 


B,  MECHANISM  OF  BIOLOGICAL  ACTION 

Early  attompts  to  explain  the  mechanism  of  the  lethal  action  of  UV 
radiation  have  been  for  the  most  part  unsatisfactory.  Bedford  (23)  sup¬ 
ported  tho  theory  that  organisms  wero  killed  by  the  action  of  hydrogen 
peroxide  formed  by  the  UV  radiation.  Moore  and  Kebster  (216)  olaimed  that 
the  germicidal  action  of  sunlight  was  attributable  to  the  formation  of 
formaldehyde,  It  has  been  suggested  by  Voogd  and  Daams  (294)  that  UV  ir¬ 
radiation  prevents  multiplication  of  cells  and  allows  normal  dying  to 
occur  ?his  explanation  does  not  satisfy  the  known  action  of  UV  radiation 
against  many  dormant  spores. 

Voluminous  published  experimental  work  has  proved  that,  within  the  4 
general  regions,  various  monochromatic  wave  lengths  show  deoided  tendencies 
toward  exerting  certain  desired  biological  phenomena  more  efficiently.  The 
so»called  "action  spectra"  (100)  relates  the  efficiencies  which  have  been 
determined  for  certain  ultraviolet  effects  by  various  wave  lengths.  Many 
data  are  available  concerning  the  absorption  of  UV  radiation  by  protoplasmio 
compounds.  It  has  been  found  that  UV  radiation  is  more  readily  absorbed 
than  other  wave  lengths  by  substances  such  as  albumin  and  nucleic  acid. 
Attempts  have  been  made  to  correlate  UV  absorption  by  protoplasmio  com¬ 
pounds  with  germicidal  action,  but,  as  pointed  out  by  Giese  (100),  no  case 
of  perfeot  agreement  has  been  found,  A  review  of  the  action  of  UV  radiation 
on  protoplasmic  compounds  is  beyond  the  scope  of  this  report,  but  the  in¬ 
formation  recorded  in  Table  I,  taken  from  data  collected  by  Giese,  serves  to 
illustrate  the  correlation  of  some  of  the  effects. 


TABLE  1.  UV  ACTION  SPECTRA 


UV  Effects  Which  Resemble  Absorption  byt 


Nonconjugated  proteins  (albumin 
maximum  absorption  about  2800A) 

(1)  Effects  on  division  of  sea 
urchin  eggs 

(2)  Immobilization  of  paramecia 

(3)  Ciliary  reversal  ft  motility 

(4)  Encystmont  of  Colpoda 


Nucleic  acid  » .maximum 
absorption  about  2600A 

(1)  Mutagenic  effects 

(2)  Virucidal  effects 

(3)  Bactericidal  effects 

(4)  fungicidal  effects 


Unreported  studies  in  which  aerosols  of  Serratia  marcescens  were  ex» 
posed  at  40  per  cent  relativo  humidity  to  wave  lengths  in  the  region  of 
2800A  to  4100A  have  illustrated  that  the  air  borne  particles  below  five 
microns  are  more  susceptible  than  those  larger  than  1'ive  microns  (159). 

This  observation  is  in  agreement  with  that  of  Bourdillon  et  al  (34)  who 
stated  that  organisms  in  small  droplet  nuclei  are  more  easily  inactivated 
than  those  in  large  particles.  However,  most  Investigators  favor  the 
quantum-hit  interpretation  because  of  observed  exponential  survival  curves. 

Although  as  early  as  1914  (139)  bacterial  effectiveness  was  compared 
with  cellular  absorption,  biological  action  spectra  using  accurately  de¬ 
fined  monochromatic  UV  radiation  were  not  published  until  1928  (93).  A 
number  of  authors  have  since  published  action  spectra  for  a  variety  of 
microbial  forms  including  bacteria  (94,186),  bacteriophage  (95,88,95,327) • 
viruses  (153)  and  nomatode  eggs  (154,164), 

Ho'llaender  (149)  has  shown  that  nuoleic  acid  absorbs  most  effectively 
those  wave  lengths  that  also  show  maximum  lethal  action  against  bacteria 
and  fungi  (2650A).  Absorption  curves  of  typical  proteins  show  peaks  of 
absorption  at  thoso  wave  lengths  which  are  also  most  damaging  to  pin  worm 
eggs  and  to  tobacco  mosaic  virus  (below  250QA),  Hollaender  believed  that 
the  action  of  UV  radiation  near  2600A  functioned  through  the  nucleic  add 
constituent  of  the  cell  and  that  shorter  wave  lengths  (2250A),  beoause  of 
their  lack  of  penetrability,  affected  the  outside  protein  layer.  Ellis 
et  al  (78)  have  summarized  graphically  the  results  of  several  workers  and 
He'monstrated  that  the  wave  length  of  maximum  absorption  by  nucleic  acid  is 
in  the  same  general  range  as  those  wave  lengths  reported  to  give  maximum 
killing  of  bacteria  and  paramecia.  These  data  are  shown  in  Figure  2. 

Although  tho  exact  mode  of  germicidal  >  ..ion  of  UV  energy  is  as  yet  un~ 
known,  many  of  the  factors  involved  in  the  action  have  received  considerable 
attention.  It  has  been  claimed  by  Ciese  (100)  that,  in  contrast  to  photo¬ 
dynamic  reactions,  UV  radiation  aots  equally  well  in  the  presence  or  abeenoe 
of  oxygen.  The  fundamental  reaction  is  thought  to  be  photochemical,  and 


MOLECULAR  EXTINCTION 


Figure  2.  Comparison  of  Lethal  Action  of  UV  and 
Absorption  of  UV  by  Nuclear  Materials, 
Ellis  et  al  (75) 


RELATIVE  LETHAL  ACTION 
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with  bacteria  the  temperature  coefficients  obtained  for  the  reaction  have 
substantiated  this  theory  (94).  For  a  discussion  of  the  photochemical  and 
cytochemical  action  of  UV  radiation,  reference  is  made  to  Radiation  Biology. 
Vol,  II,  edited  by  Hollaender  (151). 

UV  radiation  produces  its  main  effect  upon  the  organism  absorbing  the 
radiation  rather  than  by  affecting  the  medium.  A  "single  photon  hit  to  kill" 
theory  has  been  advanced  by  Lea  (183)  but  with  bacteria  this  has  so  far  been 
difficult  to  prove  (135,247).  According  to  the  Bunsen-Rosooe  reciprocity 
law,  the  amount  of  energy  required  to  kill  an  organism  is  a  product  of  the 
radiation  intensity  and  time  (I  x  t  *  K).  For  the  bactericidal  action  of 
UV  radiation,  this  law  nas  been  proved  to  hold  true  over  a  range  of  inten> 
sities  requiring  from  only  a  few  microseconds  to  several  hours  to  produce 
the  same  amount  of  total  radiation  (247).  The  law  was  found  not  to  apply 
when  the  time  of  exposure  involved  an  appreciable  part  of  the“TIfe  cycle  of 
the  organism. 

Over  a  wide  range  of  temperature  the  resistance  of  bacteria  to  UV  radia^ 
tlon  is  not  affectod  qualitatively,  providing  the  temperature  Used  has  no 
deleterious  effects  on  tho  bacteria  in  question.  UV  radiation  has  been 
shown  to  kill  fungal  spores  oven  at  the  temperature  of  liquid  air  (100). 

Several  othor'factors  have  been  rocorded  by  Rontschler  et  al  (247)  from 
experiments  in  which  inoculated  agar  plates  wore  exposed  to"TTV  radiations 

(1)  A  sublothal  exposure  of  bacterial  cells  to  UV  radiation  retards  the 

rate  at  which  bacterial  colonios  will  develop.  % 

(2)  An  individual  organism  will  differ  in  its  resistivity  to  UV  radia¬ 
tion  at  different  stages  of  its  life  cycle, 

(3)  In  a  given  species,  different  bacteria  at  the  same  stage  of  their 
life  cycle  may  vary  in  their  resistivity  to  UV  radiation. 


C.  CHARACTERISTICS  OF  VARIOUS  NAVF  U8NBTII8 

Good  agreement  has  boon  obtained  by  different  workers  concerning  the 
most  effective  wave  length  for  inactivating  various  microorganisms.  Table 
II  gives  tho  wave  lengths  found  to  be  most  efficient  for  a  variety  of  organ¬ 
isms,  an  well  as  the  reference  source,  The  evidence  rather  conclusively 
demonstrates  that  the  most  sffsetiva  range  for  inactivating  bacteria  and 
for  most  virus  strains  is  betwoen  2250A  and  2600A, 

UV  radiation  shorter  than  200QA  in  not  particularly  effective  aa  a 
germicide.  Tho  radiation  lacks  the  penetrating  properties  of  the  longer 
radiation  and  is  absorbed  to  great  extent  by  air.  The  germicidal  properties 
of  radiations  longer  than  2800A  have  been  amply  investigated,  Hollaender 
(149)  has  shown  that  the  intensity  or  exposure  time  necessary  to  kill  bacte¬ 
ria  with  energy  of  longor  wave  lengths  than  3650A  is  1,000  to  10,000  times 


TABLE  IZ.  MOST  EFFECTIVE  GEMICIDAL  WAVE  LENGTH 


ORGANISM 

MOST  EFFECTIVE 
WAVE  LENGTH,  A 

REFERENCE 

Bacteriophage 

2250 

Giese  (100)  y  > 

E.  coll  bacteriophage 

2650 

Zell*  Sc  Hollaender  (327) 

E.  coll 

2650 

Hollaender  Sc  Claus  (152) 

E.  coll 

2652 

Hells  (305) 

E,  coll 

2650 

Gates  (94) 

E.  coll 

2537  -  2575 

Luckiesh  (185) 

E.  coll 

2652 

Hyckoff  (326) 

Influent*  A  virus 

2650 

Giese  (100) 

Paramecium  (protosoa) 

2650 

Heinstein  (302) 

Roue'  sarcoma  virus 

2300 

Giese  (100) 

Salmonella  typhosa 

2100  -  2800 

Nevrc'on^r  (223) 

S.  marcescens 

2805 

Ehrisman  Sc  Noethling  (72) 

Staph  aureus 

2537 

Gates  (94) 

Staph  aureus 

2650 

Ehrisman  Sc  Noethling  (72) 

Tobacco  mosaic  virus 

2250 

Giese  (100) 

Tobacco  mosaic  virus 

2250 

Hollaender  (149) 

Vaccinia  virus 

2650 

Giese  (100) 

Bacteria,  unidentified 

2800 

Cemovodeanu  Sc  Henri  (44) 

Bacteria,  unidentified 

2750 

Mashimo  (201) 

Bacteria,  unidentified 

2500 

Bang  (17) 

Bacteria,  unidentified 

2265  -  3287 

Barnard  Sc  Morgan  (19) 

Bacteria,  unidentified 

2400  -  3020 

Buchols  Sc  Von  Jeney  (38) 
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that  required  with  radiation  ahortar  than  3000A.  Data  published  by  Luokieah 
(185)  demonstrate  that  the  effectiveness  of  2537A  is  about  4000  times  that 
of  365bA|  10,000  times  that  of  4047A|  30,000  times  that  of  5461A{  and  per¬ 
haps  35,000  times  that  of  5780A. 

Studies  on  the  effect  of  the  UV  radiation  emitted  from  commercial  sun¬ 
lamps  on  aerosols  of  Serratla  marcesoehs  at  an  RH  of  40  per  cent  showed  that 
wave  lengths  in  the  range  of  2§56A  to  3750A  had  approximately  10  times  the 
effect  as  wave  lengths  in  the  3450A  to  7600A  range  (160). 

A  great  deal  of  the  work  on  the  bactericidal  effects  of  UV  radiation 
was  done  before  the  advent  of  the  low-pressure  mercury  vapor  lamp  (so-called 
germicidal  lamp).  The  authors,  Keinstein  (302),  Coblont*  and  Fulton  (46), 
Hollaender  (149),  Duggar  (70),  and  Hollaender  and  Claus  (152)  used  carbon, 
mercury,  and  tungsten  arc  lamps  with  water-cooled  quarts  jackets.  The  radi¬ 
ation  emitted  from  these  arcs  cover  a  wide  band  and  must  be  separated  by  a 
system  of  filters  or  prisms  before  quantitative  data  can  be  collected. 

Kith  tho  development  of  the  low-pressure  mercury  vapor  lamps,  which  emit 
95  per  cent  of  their  UV  radiation  in  the  resonance  line  of  2537A,  most  of 
tho  recent  data  have  been  reported  on  the  basis  of  the  quantity  of  energy 
in  this  wave  length  noeded  to  destroy  microorganisms.  Kave  length  2537A  is 
estimated  to  possess  about  85  per  cent  the  relative  germicidal  effectiveness 
of  wave  length  2650A.  However,  Buttolph*  (151)  has  suggested  that  the  fact 
that  2537A  is  10  to  20  per  cent  loss  effective  than  the  maximum  effective 
wave  length  is  of  minor  importance  because  of  the  experimental  errors  inher¬ 
ent  in  determining  tho  optimum  bactoricidal  region.  Adoption  of  a  more  or 
less  standard  ultraviolet  source  has  greatly  simplified  the  problem  of  cor¬ 
relation  of  data  and  has  greatly  enlarged  the  practical  uses  to  which  UV 
radiation  may  be  applied. 


5 


Cited  in  Hollaender. 
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III.  LAMPS  WHICH  PRODUCE  UV  RADIATION 


A.  GENERAL 

During  the  put  thirty  years  approximately  75  new  typaa  of  UV  lampa 
have  baan  davalopad  and  plaoad  on  tha  market.  Thaaa  lampa  vary  in  alia, 
in  wattage,  and  in  tha  emitted  apectrum.  Many  have  baan  daaignad  for 
apaclfic  applications;  for  example,  for  photochemical  reactions,  for  sun¬ 
tanning  and  vitamin  D  production,  for  light,  for  bactericidal  effect  or 
for  oaona  production. 

Ultraviolet  lamps  contain  mercuL^  vapor.  The  passage  of  current 
through  the  vapor  excites  the  mercury  atoms  to  various  energy  states.  In 
making  the  transition  from  one  state  to  another  the  atoms  emit  radiation 
of  definite  wave  lengths*  The  probability  of  these  various  transitions 
depend  upon  the  pressure  of  the  mercury  vapor,  the  amount  and  type  of  other 
gases  present,  and  the  electrical  conditions  in  the  discharge. 

At  very  low  mercury  pressures,  such  as  ten  miorons,  most  of  the  emitted 
radiation  is  a  result  of  transition  from  the  lowest  excited  state  to  the 
normal  state,  This  is  known  as  resonance  radiation.  Radiation  thus  pro¬ 
duced  may  be  absorbed  by  other  mercury  atoms  and  re-emitted  without  change 
in  frequency.  In  low-pressure,  mercury  discharge  lamps,  almost  all  of  the 
radiation  is  emitted  at  wave  length  2537A.  Increase  of  pressure  results  in 
broadening  of  the  emission  lines  and  in  an  increase  in  the  continuous  back¬ 
ground  radiation.  At  very  high  pressures  the  radiation  approaches  that  Of 
an  incandescent  body,  In  typical  quarts  lamps  the  amount  of  energy  emitted 
below  3800A  is  greater  than  the  visible  energy  radiated  by  a  factor  of  30 
to  50  per  cent ,  depending  upon  the  pressure  of  the  mercury, 

Recently,  a  number  of  xenon  and  xenon-mercury  arcs  have  been  designed, 
The  envelopes  are  of  fused  quarts  and  the  lamps  operate  at  20  to  40  atmos¬ 
pheres,  The  lamps  are  primarily  used  as  light  sources,  however,  a  con¬ 
siderable  amount  of  energy  is  radiated  in  the  UV  region. 

Mercury  in  the  xenon  lamp  increases  both  the  visible  and  the  UV  radii" 
tion,  Xenon  lamps  have  been  suggested  for  use  as  sun  lamps, 

Sun  lamps  produce  UV  radiation  such  as  emitted  from  ths  sun.  The 
Council  of  Physical  Therapy  of  the  American  Medical  Association  (7)  has 
proposed  that  the  energy  below  2800A  should  be  less  than  one  per  cent  of 
the  total  energy  of  wave  lengths  between  280iA  and  3132A  and  that  the  in¬ 
tensity  should  be  sufficient  to  produce  an  erythema  on  an  untanned  skin  in 
one  hour  or  less  at  a  distance  of  24  inches. 

Two  general  types  of  sun  lamps  are  manufactured,  the  mercury  vapor  type 
and  the  fluorescent  type,  The  mercury  lamp  is  located  inside  a  reflector 
bulb  together  with  a  tungsten  filament  coil  which  acts  as  a  ballast  for  the 
inside  lamp,  The  outer  bulb  removes  all  of  the  radiation  below  2800A, 

These  R,S,  sun  lamps  can  be  operated  directly  from  a  normal  110-125V  line. 
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The  fluorescent  sun  lamp  la  made  similar  to  a  regular  fluorescent  lamp 
exoept  that  the  lamp  wall  is  made  from  a  glass  permitting  most  of  the  radia¬ 
tion  above  2800A  to  escape,  A  phosphor  coating  on  the  Inside  of  the  lamp 
absorbs  the  2537 A  resonance  line  and  produces  a  fluorescence  band  having  a 
peak  at  approximately  3150A,  The  emission  of  this  lamp  closely  simulates 
the  UV  radiation  from  the  sun.  Regular  fluorescent  ballasts  and  fixtures 
are  used  to  operate  these  lamps* 

Application  of  the  sun  lamp  is  mainly  for  the  formation  of  vitamin  D  in 
the  skin,  to  prevent  rickets  and  to  produce  a  "sun-tan",  Ronge  (258)  has 
found  that  sun  lamps  in  c.  schoolroom  reduced  absenteeism  and  improved  the 
physical  fitness  of  the  children. 

The  following  discussion  of  UV  lamps  will  be  confined  primarily  to  low- 
pressure,  mercury  vapor  lamps  which  produce  germicidal  radiation.  Such  lamps 
have  preseures  of  0,004  to  0,02  millimeter'  of  mercury  as  compared  to  high-  J 
pressure  sources  which  may  operate  at  0,5  to  75  atmospheres*  Low-pressure 
lamps  wore  made  possible  by  the  development  of  inexpensive  glass  capable  of 
transmitting  UV  radiation,  The  greatest  portion  (95  per  cent)  of  their 
emitted  radiation  is  in  the  2537A  wave  length  band  (99,312),  This  wave 
length  Is  near  the  most  germicidal  portion  of  the  spectrum  for  bactericidal 
action,) 


B,  GLASS  THAT  TRANSMITS  UV  RADIATION 

The  constituents  of  ordinary  glaas,  which  are  the  chief  absorbents  of 
UV  radiation,  art  iron  and  Utimium  oxides,  Ferrous  ions  absorb  very  little 
of  the  UV  radiation  while  ferric  ions  give  high  absorption  (174),  UV 
transmitting  glass  shows  a  decreased  radiation  transparency  after  prolonged 
exposure  to  high  intensities  of  UV  radiation.  This  phenomenon  is  called 
solarisation,  The  transmitting  ability  is  usually  improved  when  the  glass 
is  heated*  Davidovich  (57)  in  1930  and  Nordberg  (223)  in  1947  reviewed  the 
status  of  commercial  UV  transmitting  glass* 

The  glass  commonly  used  for  the  manufacture  of  present  day  UV  tubes  has 
characteristics  as  follows; 

1,  Corning  Number  9741  Glass 

Corning  number  9741  glass  was  originally  used  as  the  envelope  for 
all  hot  and  cold  cathode  UV  lamps.  This  glass  had  a  number  of  undesirable 
properties,  The  glass  solarised  rapidly  and  blackened,  especially  when 
operated  at  low  temperatures,  When  new,  the  lamps  sometimes  produce  ex¬ 
cessive  amounts  of  otone,  At  the  present  time  number  9741  glass  is  used 
only  in  spocial  3,5  to  4  watt  osone  producing  bulbs. 
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2*  Corning  Number  9823  Glass 

This  is  the  glass  now  used  in  the  manufacture  of  all  hot  cathode 
lamps.  The  glass  does  not  solarise  or  blacken  as  rapidly  as  Corning  9741 
glass.  It  does  not  transmit  radiation  below  2000A  and  therefore  does  not 
produce  ozone, 

3.  Corning  Vycor  Number  7910  Glass 

This  glass  is  made  by  Loaching  the  flux  from  alkali-boroailicate 
glass  and  consolidating  by  heat  tho  high  silica  residue  (211).  The  glass 
is  used  in  tho  manufacture  of  cold  cathode  and  Slimline  typo  UV  tubes. 

This  glass  is  in  some  respects  similar  to  quarts  (96$  silica  and  4$ 
alumina),  therefore,  UV  transmission  properties  are  similar.  Tho  trans¬ 
mission  of  2537A  radiation  is  about  80  per  cent,  the  rate  of  solarisation 
is  negligible,  and  very  little  darkening  occurs  even  when  operated  at  low 
temperatures,  This  glass  transmits  less  than  0.1  per  cent  of  radiation 
below  2000A  which  produces  only  a  negligible  amount  of  ozone, 

4.  Corning  Vycor  Number  7912  Glass 

This  glass  is  used  in  ths  manufacture  of  some  cold  cathode  and 
Slimline  lamps.  It  has  the  sum  characteristics  as  the  7910  glass  except 
that  a  controlled  amount,  approximately  2.0  per  cent,  of  short  ozone- 
producing  radiation  is  transmitted.  Lamps  from  this  glass  ars  called 
"high-ozono  lamps."  Older  quarts  UV  lamps  transmitted  from  60  to  90  per 
cent  of  radiation  below  2200A.  At  the  present  timo  some  quarts  lamps  use 
a  Vycor  or  quartz  jacket  with  an  acetic  acid  solution  to  filter  out  radia¬ 
tion  below  2200A, 

The  maintenance  of  UV  output  by  these  glasses  is  shown  in  Figure  3. 
There  are  three  types  of  low  pressure  mercury  vapor  lamps  and  one  high-pree- 
sure  lafip  used  for  bactericidal  purposes. 


C.  HOT  CATHODE  GERMICIDAL  LAMPS 

The  operation  of  theso  lamps  is  similar  to  standard  fluorescent  lamps. 
They  operate  at  a  low  voltage  from  a  ballast  or  transformer  and  for  starting 
require  a  device  such  as  a  glow-switch  to  preheat  the  electrodes.  Argon 
gas  is  used  to  facilitate  starting,  The  electrodes  are  looated  in  the  ends 
of  the  lamp  and  consist  of  tungsten  filaments  coated  with  emission  material 
(calcium,  barium,  and  strontium  oxides),  The  life  of  the  lamp  is  governed 
by  the  life  of  the  electrodes  and  the  rate  of  solarisation  of  the  glass, 

If  the  lamp  is  turned  on  and  off  frequently  its  life  will  be  shortened. 
Corning  number  9823  glass  is  now  used  for  the  fabrication  of  tho  glass  tube. 


Per  Cent  of  Rated  Output 
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Figure  3.  UV  Output  of  Bactericidal  Lamps  Had*  from  Various  Glasses. 
Westinghouee  Electric  Corporation  (313) 
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One  of  the  Important  characteristics  of  hot  cathode  lamps  is  the  effect 
of  tube  wall  temperature  on  the  UV  radiation  output.  Operation  at  low 
temperatures  results  in  lamp  blackening  and  low  output.  Also;  starting 
the  lamp  at  low  temperatures  is  sometimes  unreliable  and  may  require  special 
equipment.  Figure  4  shows  how  the. tube  wall  temperature  affects  UV  radia¬ 
tion  output.  When  operating  with  a  tube  wall  temperature  of  82°F,  the  out¬ 
put  is  less  than  one  tenth  that  of  the  output  obtained  when  the  wall  temper¬ 
ature  is  100°F,  The  moat  efficient  ambient  tomporaturo  for  operation  is 
around  80°F,  Operation  in  strong  uir  currents  also  shortens  the  life  of 
this  lamp  and  lowers  the  output  of  UV  radiation. 


D.  COLO  CATHODE  GERMICIDAL  LAMPS 

This  lamp?  containing  argon  and  naon  gas,  is  equipped  with  oylindrioal 
nickel  electrodes  and  is  made  from  Corning  Vyoor  number  7910  or  7912  glass* 
Ths  lamp  requires  a  transformsr  to  obtain  high  voltages  for  starting  and 
operating,  but  no  preheating  of  the  electrodes  is  required,  Thorium  metal 
inside  of  tho  electrode  increases  the  electron  emission.  The  life  of  the 
lamp  is  governed  mainly  by  tha  ability  of  the  glass  tube  to  transmit  UV 
radiation.  The  electrodes  operate  "cold"  and  seldom  wear  out.  Tha  lamps 
may  be  operated  at  refrigerator  temparatures  without  axcessive  lamp  black¬ 
ening,  however  with  some  loss  of  UV  radiation  output.  Instantaneous 
starting  is  obtained  at  low  temperatures, 

■>  • 

The  relative  UV  radiation  output  par  rated  lamp  watt  from  the  cold 
cathode  lamp  is  of  the  same  order  of  magnitude  aa  obtained  from  the  hot 
cathode  type.  Two  typea  of  cold  cathode  lamps  are  commercially  available j 
one  la  designed  for  high  ocone  production  and  the  other  for  low  oaone  pro¬ 
duction,  The  difference  is  the  glass  used  in  the  lamps. 


E.  HIGH- INTENSITY  GERMICIDAL  LAMPS  (SLIMLINE) 

This  lamp  haa  characteristics  in  common  with  both  tha  hot  and  cold 
cathode  lamps*  It  utilises  a  high  starting  voltage  which  gives  instant 
starting.  Although  tho  electrodes  arecold  when  the  lamp  ia  started,  after 
the  start  it  operates  with  tho  electrodes  hot.  The  life  of  the  lamp,  as  in 
the  hot  cathode  type,  depends  mainly  on  the  life  of  the  electrode  which  in 
turn  depends  on  the  frequency  of  starts.. 

The  outstanding  featura  of  the  Slimline  lamp  ia  its  high  output.  Tho 
lamps  may  be  operated  at  four  different  currents  (120,  200,  30fy  and  420 
milliamperoe) •  The  UV  radiation  output  per  rated  lamp  watt  is  higher  than 
that  obtained  with  the  hot  oathode  lamps  because  of  the  higher  transmission 
of  the  glass.  The  higher  intensities  obtained  make  it  useful  for  installa¬ 
tions  requiring  large  amounts  of  2537A  radiation,  Ths  osone  output  is 
rated  as  negligible.  This  lamp  is  also  available  in  Corning  Vyoor  number 
7912  glass  which  emits  some  1849A  radiations  and  thus  produces  small  amounts 
of  ocone, 


Figure  4.  Effect  of  Bulb  Halil  Temperature  on  the  U¥  Output  of  Low  Pees: 


33 


Si 

t 

Table  XIZ  shows  some  of  the  characteristics  of  the  three  types  of  lamps 
discussed  above* 


TABLE  Ill.  CHARACTERISTICS  OF  THREE  TYPES  OF  UV  LAMPS 


HOT  CATHODE 

COLD  CATHODE 

HIGH-INTENSITY 

Rated  watts 

30 

17 

39 

Over-all  length 

36” 

34-3/4" 

36" 

Tube  diameter 

1" 

5/8" 

6/8" 

Operating  voltage 

103-108 

410 

130 

Operating  current  in  amps 

,34 

.050 

.420 

Related  life  hours 

7500 

17,500 

7500 

UV  intensity  at  1  meter 
in  microwatts  per  sq  cm 

72-80 

46 

120 

UV  output  in  watts  of 

2537A 

7,2-8, 4 

5,2 

13*8 

The  figures  listed  by  lamp  manufacturing  concerns  for  UV  lamp  output 
are  average  values  obtained  from  readings  on  many  lamps  (133,220; .  The 
output  of  individual  UV  lamps  is  known  to  vary  more  thaw  the  visible  light 
output  of  lighting  lamps* 


F.  HIGH-PRESSURE  MERCURY  LAMPS 

For  routine  practical  use,  high-pressure  lamps  offer  few  advantages  and 
are  useful  only  for  special  research  purposes*  The  following  summarises 
briefly  their  essential  characteristics! 

(a)  The  efficiency  of  the  conversion  of  input  electrical  energy  to 
output  radiant  energy  is  less  than  with  low-pressure  lamps*  However,  the 
germicidal  output  per  unit  of  high-pressure  quarts  lamps  is  generally 
greater* 


(b)  The  energy  emission  is  distributed  over  a  wide  range  of  wave 
lengths  (about  20),  therefore,  much  of  the  UV  is  not  in  the  spectral  area 
of  maximum  germicidal  effectiveness. 

(c)  The  rated  life  is  generally  shorter  than  with  low-pressure 


lamps . 
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(d)  As  a  high-pressure  lamp  solarises  and  depreciates,  the  intensity 
of  different  wave  lengths  may  decrease  at  variable  rates, 

(e)  The  transformer  necessary  to  operate  a  high-pressure  mercury 
lamp  is  generally  large  and  expensive, 

(f)  High-pressure  mercury  lamps  made  of  quarts  produce  a  great  deal 
of  osone  unless  enclosed  in  a  special  ultraviolet  transmitting  jacket. 

Further  information  on  types  of  high-pressure  UV  lamps  may  be  found  in 
publications  by  Ellinger  (74)  and  Meyer  and  Seitz  (210), 


6,  EXPLOSION-PROOF  LAMP  FIXTURES 

Several  kinds  of  explosion-proof  UV  lamp  fixtures  are  manufactured. 
These  are  actually  lamp  fixtures  equipped  with  explosion-resistant  Vycor 
or  quartz  glass  housings.  Regular  UV  lamps  are  placed  inside  the  housing. 
The  fixtures  may  be  used  in  areas  which  are  considered  hazardous  because  of 
the  presence  of  flammable  vapors,  gases,  or  combustible  dusts.  In  addition 
to  the  high  initial  cost  of  these  fixtures  (approximately  $125.00  each)  the 
UV  radiation  output  of  the  lamps  is  somewhat  lowered  because  of  absorption 
by  the  Vycor  glass  housing.  Explosion-proof  lamp  fixtures  are  manufactured 
by  Hanovia  Chemical  Manufacturing  Company  and  by  Crouse -Hinds  Manufacturing 
Company, 

Conversion  of  the  Westinghouae  type  SB-30  fixture,  for  cold  cathode 
lamps,  to  produce  a  water-tight  unit  (not  explosion-proof)  can  be  done  at 
a  cost  of  about  $52,00  per  fixture,  including  the  price  of  the  fixture  and 
lamp.  Such  a  design  has  been  accomplished  on  a  local  basis,  and  tests  have 
shown  such  a  unit'  safe  to  operate  in  areas  of  high  humidity  or  where  rooms 
are  washed  with  liquid  solutions.  The  converted  fixture  is  shown  in  Figure 
5,  The  transformer  has  boon  placed  in  an  aluminum  box  with  a  gasket  lid. 
Neoprene  membranes  are  used  to  produce  water-tight  seals  at  tho  socket  con¬ 
nections  at  each  end  of  the  UV  tube.  This  fixture  satisfactorily  resisted 
sprays  of  brine  solution  without  shorting  or  gathering  moisture  on  critical 
parts  and  without  significant  change  in  UV  radiation  output. 


II.  UV  RADIATION  FROM  WHITE  LIGHT  SOURCES 
1,  Incandescent  Lamps 

Most  artificial  sources  of  white  light  are  weak  sources  of  UV  radia¬ 
tion.  Fhotoflood  lamps  are  probably  the  highest  generators  of  incidental 
UV  radiation.  The  glass  walls  of  ordinary  incandescent  type  lamps  will  not 
permit  the  passage  of  radiations  shorter  than  3200A,  Koller  (174)  presented 
data  showing  the  relative  amount  of  energy  in  various  wave  length  bands  pro¬ 
duced  by  several  types  of  Incandescent  lamps  (Table  IV).  All  five  lamps 


iiislur-'proiit'  I'V  Fixture.  *  FP  \>s  t  — 


listed  produced  UV  radiation  in  ths  3200A  to  3800A  wavs  length  band. 

Thrss  of  than  product  detectable  anounts  in  tha  2800A  to  32Q0A  band. 
Aooording  to  Kollsr,  total  UV  radiation  of  lass  than  3800A  anittad  by  tha 
1000-watt  photoflood  lamp  (lifa  of  10  hours)  is  approximatsly  three  watts. 


TABLE  IV.  RADIATION  FROM  INCANDESCENT  LAMPS 


Enargy  in  various  wavs  langth  bands  falling  on  a  unit  arsa 
at  a  distance  of  1  nstar  from  tha  lamp.  (Kollar  174) 


TYPE  OF  LAMP 


MICROWATTS  PER  SQUARE  CENTIMETER 


2800A-3200A  3200A-8800A  3800A-7800A 


40  watt  standard 

0,08 

22 

100  watt  standard 

0.46 

75 

500  watt  standard 

0.045 

3.5 

440 

1000  watt  standard 

0:26 

8.8 

1160 

1000  watt  photoflood 

1.4 

25 

1580 

2.  Fluorescent  Lamps  ^ 

fluorescent  lamps  also  emit  small  amounts  of  UV  radiation.  In 
fact,  in  its  simplest  form,  tha  fluorescent  lamp  is  an  UV  lamp  whieh 
utilises  a  glass  envelops  coated  on  tha  inside  with  spaoial  fluorescent 
powders  or  phosphors.  About  60  par  cant  of  tha  wattage  input  of  a  fluo¬ 
rescent  lamp  is  used  to  produoa  radiation  conoantrated  at  2637A  wave 
langth.  This  radiation  is  produced  inside  the  lamp  and  is  used  to  exoite 
the  phosphors  which  produoa  the  whits  light.  The  over-all  effloienoy  of 
this  type  of  lamp  in  the  production  of  light  is  about  10  per  oent. 

Although  the  amount  is  very  small,  some  UV  radiation  is  emitted  by 
fluoresoent  lamps ,  the  amount  varying  with  the  type  of  phosphor  material 
used.  The  data  shown  in  Table  V  are  taken  from  a  table  by  Luokiesh  and 
Taylor  (187)  and  show  the  intensity  of  UV  radiation  shorter  than  3160A  pro¬ 
duced  by  sunlight  and  by  a  fluorescent  light.  The  foot-candle  concentra¬ 
tion  of  the  white  light  is  given  for  each  souroe.  Although  direct  sunlight 
at  6600  foot-candles  contains  70  times  as  much  UV  radiation  as  fluoresoent 
light  at  SO  foot«candles ,  it  is  obvious  that  higher  intensities  of  fluo¬ 
rescent  light  will  be  proportionally  greater*  For  instanoe,  another  way  to 
express  the  relationship  shown  by  Luckiesh  and  Taylor  would  be  to  oaloulate 
the  mierowatts  per  square  centimeter  of  UV  radiation  produced  per  foot- 
oandle  of  light,  fluorescent  light  produces  0*016  microwatts  per  square 
centimeter  of  UV  radiation  shorter  than  8150A  for  each  foot-candle  of  light 
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by  this  method,  while  ths  sum  figure  for  direct  sunlight  is  0*0085.  On 
this  bssis  ths  UV  output  of  fluorssosnt  lamps  psr  foot-candle  sppssrs  to  bs 
loss  than  skylight  with  a  clear  blus  sky,  or  sunlight  and  skylight  combined, 
but  more  than  dirsot  sunlight* 


TABLE  V,  UV  IROM  FLUORESCENT  LAMPS 
(Luckiesh  5  Taylor  187) 

Intensity  of  UV  radiation  shortsr  than  31B0A 


FOOT- 

MICROWATTS  PER  SQUARE  CENTIMETER 

CANDLES 

Absolute 

Relative 

Direct  sunlight 

6600 

66 

70 

Skylight-dear  blue  sky 

1900 

117 

146 

Sunlight  and  skylight 

8500 

173 

216 

Direot  fluorescent  light 
3500°  white 

50 

0.8 

1 

Thors  is  no  doubt  that  ths  germioidal  sffsotlvsnsss  of  ths  longsr 
UV  wavs  lsngths  discussed  abovs  ars  of  a  vary  low  order,  but  ths  faot  that 
these  wsak  souross  of  UV  radiation  sxist  is  worthy  of  oonsidsration.  It  is 
obvious  that  unlsss  all  oulturs  work  is  dons  antlrely  in  ths  dark  or  ualsia 
special  visible  light  sources  ars  used,  snail  amounts  of  UV  radiation  from 
ths  usual  lighting  system  ars  apt  to  bs  present  in  all  blologioal  labora¬ 
tories. 

3*  Survival  of  Bacterial  Spores  on  Fluorescent  Lamps 

Two  15-watt  daylight  fluorssosnt  lamps,  mounted  in  reoeptaeles,  were 
plaosd  in  a  ventilated  cabinet.  One  lamp  surface  was  eo'/aminated  with  a 
cotton  swab  soaked  in  a  suspension  of  Bacillus  subtills  var*  niger  spores 
containing  2  x  10®  spores  per  milliliter,  ike  other  lamp  was  treated  simi¬ 
larly  with  a  2  x  Vy  spore  suspension. 

-  Both  lamps  were  turned  on  after  contamination  was  completed  and 
"sero"  time  surface  samples  taken.  A  portion  of  the  surfaoe  of  eaoh  lamp 
was  sampled  at  intervals  of  30  minutes  for  a  period  of  ll£  hours  and  at 
the  end  of  24  hours. 


I 


38 


y  si . 

The  control  experiment  was  conducted  in  the  sum  faihioa  with  the 

exception  that  lanpe  renained  off.  On  the  unlit  lam  contaminated  with 
the  2  x  10®  spore •  suspension,  surface  samples  remined  TNTC  for  9  days)  on 
the  2  x  107  lamp •  samples  were  TNTC  for  8  days ,  and  228  colonies  were  re¬ 
covered  at  8,  days.  Sampling  Was  discontinued  at  9  days. 

The' results  of  the  tests  with  burning  lamps  are  shown  in  Table  VI. 
Since  the  temperature  at  the  surface  of  a  fluorescent  lamp  is  not  sufficient 
to  cause  inactivation  of  bacterial  spores,  it  is  likely  that  the  results  ob¬ 
tained  were  due,  in  part,  to  the  action  of  ultraviolet  radiation  on  the 
spores#  If  one  assumes  that  approximately  24  hours  is  required  for  the 
lethal  aotion  and  that  a  dose  of  800  microwatt  minutes  of  2537A  is  neoessary 
to  inactivate  a  spore  population  (see  page  59),  it  can  be  theorised  that  the 
total  radiation  at  the  surface  of  the  lamp  had  a  germicidal  equivalent  of 
1#8  microwatts  per  square  centimeter  of  2537A# 


TABLE  VI.  RECOVERY  OF  BACILLUS  SUBTILIS  SPORES  FROM 
BURNING  FLUORESCENT  LAMPS  “ 


SWAB 

CON- 

TIME  OF  SAMPLING 

11  hr  11.5  hr  24  hr 

SITE 

TR0L# 

30  min 

1  hr 

6  hr 

6.5  hr 

7  hr 

Bulb  1 

0 

TNTC 

TNTC 

TNTCd/ 

TNicfl/ 

TNTC^ 

65  15  13 

Bulb  2 

0 

TNTCd/ 

TNTd/ 

100 

72 

35 

0  1  1 

Bulb  1  -  Contaminated  from  2  x  10®  spore  suspension# 
Bulb  2  -  Contaminated  from  2  x  107  spore  suspension# 
TNTC  .  -  Growth  confluent)  no  distinct  colonies# 
TNTCd/  ».  Colonies  distinct  but  WTC. 

•  Surface  sample  of  lamp  prior  to  contamination# 
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IV,  REFLECTANCE  Of  OV  RADIATION 


A.  LITERATURE  REVIEW 

All  radiant  anargy  ia  raflactad  to  aoma  axtart  from  aurfaoaa*  Tha 
amount  raflaotad  dapanda  upon  tha  typa  of  aurfaca,  tha  wava  langth  of  tha 
anargy i  and  tha  angla  of  incidanoa.  Luokiaih  and  Taylor  (188)  raportcd 
axparimanta  to  datarmina  tha  paroantaga  of  UV  anargy  (3537A)  raflaotad  by 
varioua  aurfaoaa*  A  apacially  daaignad  raflaetomatar  vaa  uaad  with  a 
Bauach  and  Lonb  nuabar  2800  quarta  nonoohronator  for  apaotral  maaauramanta* 
Tha  authora  oonoludad  that  aluminum  ia  by  far  tha  baat  raflaeting  aadiua 
for  2837A  UV  radiation*  Tabla  VII i  praparad  from  data  praaantad  by  Luokiaah 
and  Taylor ,  ahowa  tha.  par  cant  raflactanea  of  2637A  anargy  from  tha  varioua 
aurfaoaa  taatad* 


TABLE  VII.  REFLECTANCE  OF  UV  RADIATION  FROM  VARIOUS  SURFACES 
(Luokiaah  It  Taylor  188) 


MATERIAL 

PER  CENT  REFLECTANCE  OF  2537A 

Aluminum  natal ,  atohaa  and  brightanad 

88 

Aluminum  matal ,  bright  rollad 

64 

Aluminum  matal ,  foil 

73 

Aluminum  matal,  Alaak  traatad 

86  -  78 

Aluminum  matal,  mill 

40-60 

Aluminum  paint 

40  -  75 

Whita-ooat  pla  tar 

40  -  60 

Chromium  matal 

46  -  66 

Stainlaaa  ataal 

20-30 

Wall  papar  (ivory  and  whita) 

.  21-31 

Aoouatio  plaatar  and  wallboard 

10-20 

Vitraoua  anamal 

5-10 

Kalaomina  whita  watar  paint 

12 

Alabaatina  whita  water  paint 

ID 

Avaraga  oil  painta 

5-10 

Whita  poroalain  anamal 

4.7 
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In  another  • trios  of  toots  (185)  in  which  nine  different  aluminum  paints 
wore  used,  it  was  found  that  when  painted  surfaoes  were  exposed  to  high  in¬ 
tensity  2537A  energy  the  reflootanoe  for  longer  wave  lengths  was  increased 
12  per  oent.  Reflection  coefficients  ranging  fro*  48  to  88  per  cent  were 
obtained  for  the  nine  brands  of  aluminum  paint.  Several  important  points 
regarding  reflootanoe  of  UV  radiation  arei 

(a)  Aluminum  metals  and  aluminum  paints  are  the  best  refleotors  of  UV 
energy*  Intensive  and  prolonged  exposure  of  aluminum  paint  does  not  seem 

to  destroy  its  ability  to  reflect  the  radiation.  Such  a  paint,  however, 
should  be  made  of  pure  aluminum  flakes,  and  the  plastic  lacquer  should  have 
high  UV  transmission  properties  and  stability. 

(b)  Stainless  steel  has  approximately  50  per  cent  the  reflectance 
efficiency  of  aluminum.  For  maximum  reflectance,  reflectors  made  with 
stainless  steel  or  any  other  metal  except  aluminum  should  be  painted  with 
aluminum  paint, 

(c)  Oil  paints  and  some  water-soluble  paints  are  poor  reflectors  of 
UV  radiation.  Reflectance  depends  upon  the  type  of  pigment  in  the  paint; 
sine  oxide  pigment  usually  gives  low  reflectivity,  Oil  paints  usually  give 
from  five  to  ten  per  cent  reflectance  and  water-solublq  paint  from  10  to  12 
per  cent  reflectance. 

(d)  White  wall  plaster  has  reflectance  values  on  the  order  of  40  to 
60  per  cent  of  2537A. 

Alsak  aluminum  metal  gives  high  reflectance  values  and  is  suitable  for 
use  as  reflectors  for  UV  lamps  (Figure  8).  Alsak  is  a  trade-mark  registered 
by  the  Aluminum  Company  of  America.  The  aluminum  is  first  brightened  by  an 
electrolytic  method  to  remove  surface  impurities  and  then  oxidised  to  pro¬ 
vide  a  thin  coating  of  aluminum  oxide  to  prevent  weathering. 

The  average  reflection  coefficient  of  human  skin  for  2600A  radiation  is 
four  per  cent  (189),  There  is  little  difference  between  tanned  and  untanned 
ekin. 

The  amount  of  radiant  energy  reflected  from  the  surface  of  any  trans¬ 
parent  medium,  such  as  glass,  will  vary  with  the  angle  of  incidence.  At 
normal  incidence  (10  to  60  degrees)  the  reflection  from  glass  of  3082A  UV 
radiation  is  about  five  per  cent.  Per  cent  reflectance  rises  rapidly  at 
angles  greater  than  75  degrees. 


m 
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Koller  (174)  gives  the  following  reflectance  valuta  for  aavaral  surfaces* 

i 

Raflaotion  of  3000A  UV  radiation  from  tha  ground 
Surfaca  Par  Cant  Raflaotion 


Fresh  snow  85 

Dry  dune  sand  17 

Sandy  turf  2.5 

Vatar  5 


Andarson  (10)  givas  tha  following  raflaotivity  valuta  for  2537A  radia¬ 
tion* 


Surfaca 


Par  Cant  Reflection 


Glass  (brick;  asirrers)  4-6 
Enamels  (baked,  any  color  and  white)  5-10 
Oil  paints  (lead,  any  color  and  rhite)  5-10 
Oil  paints  (sine,  any  color  and  whits)  3-6 


Andarson  also  reports  that  water  paints  and  paper  frequently  have  high 
reflectivity  Values.  This  would  be  true  especially  for  vary  large  angles 
of  incidence. ' 

*«  i 

>,i 

In  tha  use  of  UV  radiation  for  control  of  infectious  hasards ,  aluainua 
paint  or  natal  should  be  used  if  a  high  degree  of  refleotance  is  desired, 
and,  oil  or  suitable  water  paints  should  be  used  if  the  refleetanoe  is  to  be 
nialiised. 


In  connection  with  the  use  of  reflectors ,  Buttolph*  (151)  has  pointed  out 
that  the  aereury  vapor  in  UV  laaps  will  eonpletely  absorb  2537A  radiations 
entering  the  tube  fron  the  outside.  The  2537A  radiation  generated  in  the 
center  of  the  tube  is  also  absorbed  by  the  aereury  vapor  and  re-radiated  to 
the  atoas  dose  to  the  wall  of  the  tube  until  it  finally  escapes*  Therefore, 
to  obtain  a  high  intensity  of  radiation  in  ono  direction,  the  bare  laaps 
should  not  be  placed  side  by  side.  Placeaent  of  parallel  laaps  individually 
in  front  of  reflectors  on  oenters  three  or  four  tines  the  leap  diaaeter  was 
reeoaaended  by  Buttolph* 


B.  EXPERIMENTAL 

1.  Increase  in  Intensity  of  Radiation  by  Use  of  Reflectors 

Tests  were  nade  to  deteraine  what  practical  inoreaee  in  intensity  of 
UV  radiation  night  be  expeoted  by  the  use  of  reflectors*  Measureaents  were 
taken  before  and  after  the  installation  of  aluainua  refleotors  in  a  door 
barrier  installation* 


e  Cited  in  Hollaender. 
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A  considerable  increase  in  intensities  «u  obtained  aftar  tha  in¬ 
stallation,  Tabla  VIII  shows  a  typical  aat  of  MaauraMnta  for  comparison. 
An  incraaaa  of  over  100  par  cant  in  UV  intanaitiaa  was  obtainad  by  tha  usa 
of  fiva  raflactora.  It  is  avidsnt  that  in  soaa  applications  tha  usa  of 
aluminum  raflactors  will  parmit  mors  afficiant  and  aconomlcal  utilisation 
of  tha  garmicldal  energy*  Tha  cost  of  tha  raflactors  used  in  this  instal¬ 
lation  was  approximately  $2*00  each*  Tha  usa  of  a  proparly  designed  para¬ 
bolic  aluminum  reflector  behind  an  UV  lamp  .will  direct  tha  radiations  of 
tha  entire  lamp  in  one  direction ,  and  by  this  means  intansitiaa  in  this 
direction  can  be  inoraasad  three-  to  five-fold* 


TABLE  VIII.  INCREASE  IN  UV  INTENSITIES  THROUGH  THE 
USE  OF  ALUMINUM  REFLECTORS 


READING  BEFORE  INSTALLATION 

OF  REFLECTORS 

READING  AFTER  INSTALLATION 
OF  REFLECTORS 

68 

132  ' 

52 

108 

36 

92 

28 

72 

30 

75 

Totals  212 

479 

2*  Usa  of  Raflactors  with  Cold  Cathode  Lamps 

Studies  had  previously  bean  made  of  air  looks  and  door  barriers  in 
installations  utilising  hot  oathoda  lamps  without  reflaotors*  A  series  of 
UV  intensity  measurensnts  ware  made  in  an  OV  door  barrier  using  hot  cathode 
lamps  with  raflactors ,  oold  oathoda  lamps  without  raflactors  *  and  oold 
cathode  lamps  with  reflectors*  The  object  was  to  determine  if  suitable  UV 
intensities  could  be  obtained  when  cold  cathode  fixtures  (17-watt)  ware 
substituted  for  the  hot  oathoda  fixtures  (30-watt)*  Specular  Alsak  alumi¬ 
num  reflaotors  were  used*  Examination  of  the  data  obtained  showed  the  fol¬ 
lowing  results! 

(a)  When  hot  cathode  lamps  are  used  with  reflaotors (  the  in¬ 
tensities  obtained  far  exceed  the  minimum  required  tor  efficient  operation 
of  door  barriers* 
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(b)  Nhen  fivs  cold  cathode  lanpa  without  refleotore  art  used  la 
place  of  the  five  hot  cathode  lanpa ,  the  intenaiiiea  obtained  were  inadequate 
for'  the  purpoaea  for  which  the  barrier  ie  intended* 

(c)  When  five  cold  cathode  lanpa  with  aluninun  refleetora  were 
j  aubatituted  for  the  hot  cathode  lanpa ,  the  intensities  were  adequate. 

As  a  reault  of  theae  teata ,  the  atandard  UV  door  barrier  waa  de« 
aigned  to  utilise  five  17-watt,  cold  cathode  UV  lanpe,  each  equipped  with  a 
properly  deeigned  Aleak  aluninun  reflector* 

It  waa  alao  evident  fron  theae  teata  that  the  cold  cathode  lanp  would 
be  auitable  for  uae  in  air  locka  and  other  inetallatione.  Higher  radiation 
inteneitiea  oan  be  obtained  if  needed  by  the  uae  of  Slimline  lanpa* 

3*  Aluninun  Painta 

The  reflectance  and  reaiatance  to  UV  radiation  of  two  ooaaneroial 
brande  of  aluninun  paint  were  investigated*  Olidden  brand  paint*  waa  com¬ 
pared  to  Rust-Oleun  #470.**  The  reflectance  teat  uaing  2537A  UV  radiation 
ahowed  that  the  reflecting  abilities  of  metal  aurfaoea  painted  with  both 
painta  were  practically  the  aane*  Olidden  paint  reflected  about  three  per 
cent  more  than  did  the  Rust-Oleum  paint  (about  SO  per  cent  reflectanoe) » 

No  deterioration  of  either  surface  waa  evident  after  exposure  of  both  painted 
surfaoes  to  UV  radiation*  The  total  radiation  dose  would  be  equivalent  to 
that  reoeived  in  two  yeara  in  an  UV  air  look  with  intensities  of  20  to  30 
microwatta  per  square  centimeter*  Another  eanple  of  Olidden  paint  waa  ex- 
poaed  for  a  period  of  eight  nontha  to  an  UV  radiation  intenelty  of  1500 
microwatta • per  equare  centimeter  without  any  indication  of  deterioration* 

The  effect  of  aluninun  paint  in  inoreaeing  intenaity  levele  by  pro¬ 
viding  better  reflecting  aurfaoea  ia  illuetrated  by  teata  done  on  an  animal 
cage  raok. 

The  rack  had  aolid  metal  ahelvee  located  17  inohea  apart.  UV  lanpa 
were  nounted  horiaontally  at  each,  end  of  each  ehelf.  The  area  between 
ahelvea  received  the  benefit  of  any  reflected  radiation  fron  the  bottom  of 
the  ahelf  above*  Uaing  calibrated  lanpa  and  netere,  intenaity  neaeurementa 
were  nade  at  varioue  locationa  between  the  ahelvea  when  the  reflecting  aur¬ 
face  of  the  oage  rack  ahelf  above  waa  painted,  firat  with  aluninun  paint, 
and  then  with  a  aeni-gloaa,  oil  baae  paint*  Typical  readinga  are  ahown  be¬ 
low  in  nilliwatte  per  aquare  foot! 


•  The  Olidden  Company,  Cleveland  2,  Ohio* 

**  Rust-Oleun  #470,  Ready  Mixed,  Aluminum  -  LO,  Ruat-Oleun  Faint  Company* 


UV  RADIATION  REFLECTED  FROM  A  SURFACE 


Painted  Aluminum  Painted  Semi-Gloss 

30  5 

15  4 

10  3 

4.5  1.5 

4.  Reflector  Design 

Exp* ri manta  to  determine  propar  raflactor  ahapac  for  UV  lanp  fix- 
turaa  hava  been  conducted.  It  waa  daairad  in  thaaa  taata  to  daai|n  pol- 
iahad  aluminum  raflactora  oapabla  of  produoing  narrow  parallal  baama  of 
high  intensity  radiation  auoh  aa  would  ba  required  on  UV  eaga  racka  and  in 
UV  door  barriara. 

Parabolic  ahapaa  ara  naoaaaary  to  ooneantrata  radiations  from  UV 
lamps.  To  obtain  a  narrow  amisaion  band,  a  parabola  with  aa  largo  a  fooal 
langth  aa  ia  praotioal  ahould  be  amployad*  Tha  oantar  of  tha  !?V  tuba  should 
ba  plaoad  at  or  slightly  in  front  of  tha  fooal  point  for  maximum  affieiancy. 

For  oonvanienoa  small,  oold  oathoda  lamps  and  fixturss  wars  uaad. 
Intensity  and  radiation  patterns  ware  appraised  by  plotting  spatial  distri¬ 
bution  ourvea  on  polar  coordinate  graft  paper.  Speotral  planes  horisontal 
and  vartioal  to  tha  lamps  and  fixtures  ware  plotted. 

Parabolio  polished  aluminum  refleotors  for  teeting  wore  constructed 
aa  ahown  in  Figure  7  with  a  fooal  langth  of  3/8  inch.  For  comparison,  re¬ 
flectors  of  an  irregular  shape  intended  for  use  on  UV  cage  raoks  were  also 
tasted.  Spatial  distribution  ourvea  ware  plotted  of  the  bare  lamp,  tha 
lamp  with  tha  irregular  raflactor,  and  the  lanp  with  tha  experimental  para- 
aolio  raflactor.  Results  obtained  in  tha  vartioal  and  horisontal  plana  are 
ahown  in  Figure  8.  Tha  experimental  parabolio  refleotor  produced  a  wide 
flat  beam  of  radiations  on  a  flux  intensity  in  tha  beam  at  least  five  times 
greater  than  that  of  tha  bare  lamps  and  twice  that  of  the  lanp  with  the 
irregular  raflactor. 

Based  on  these  experiments,  it  was  recommended  that  parabolic  shape 
reflectors  ba  used  on  all  UV  fixtures  where  it  ia  desired  to  project  a  nar¬ 
row  beam  of  high  intensity  radiation*  For  hot  cathode  lamps  (one-inch 
diameter)  tha  parabola  should  hava  a  focal  langth  of  5/8  inoh,  oold  oathoda 
and  Slimline  lamps,  a  3/8-inch  focal  langth  parabola. 

5.  Distribution  of  Radiation  from  a  Cold  Cathode  Fixture 

In  soma  applications  of  UV  radiation,  such  as  in  air  looks,  it  ia 
desirable  to  hava  a  uniform  distribution  of  energy  rather  than  a  concen¬ 
trated  beam.  Generally  the  cold  cathode  lamp  in  a  Vestinghouse  SB  fixture 
is  used.  The  portion  of  the  fixture  under  the  lamp  has  a  small  V  shaped 
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O’ 


full  scale 

parabolic  curve  focal  length  3/3" 


Alzak  aluminum  approx  l/32  "  thick 

Figure  7.  Parabolic  UV  Reflector. 


4T 


for  Two 
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piece  of  aluminum  which  acta  to  reflect  radiation.  The  apaotral  distribu¬ 
tion  is  given  in  Figure  9,  The  UV  output  in  microwatts  par  square  csntimstsr 
at  various  distances  is  given  in  Table  XX, 


TABLE  XX.  CV  INTENSITIES  AT  VARIOUS  DISTANCES  FROM  A  17-WATT 
COLD  CATHODE  LAMP  IN  A  SB-30  FIXTURE 


VERTICAL  DISTANCE 

FROM  LAMP,  feet 

MICROWATTS  PER  SQUARE  CENTIMETER 

6 

17,8 

17.4 

17.0 

15.3 

13,0 

7  , 

13,3 

13.3 

13.2 

12.2 

11.2 

8 

10,7 

10,7 

10,6 

10.4 

9.4 

9 

8.9 

8.9 

8.6 

8.4 

7.9 

10 

7.0 

7.1 

7.0 

6.9 

6.6 

11 

6.9 

8.9 

6,0 

6.0 

5.7 

12 

5.0 

5.1 

5.1 

5,2 

5.3 

13 

4.4 

4.5 

4.5 

4.4 

4.4 

HORIZONTAL  DISTANCE  ..... 

PROM  LAMP,  feet 

u 

2 

3 

.  4 

0 

BARE  LAMP-46  MW/cm  at  1M 


o 

Vigur*  9.  Distribution  fro*  a  Cold  Cathodo  Laap  (782-90)  Installed 
la  a  SB-80  ttxtura. 
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Y,  TRANSMISSION'  OF  W  RADIATION 


A.  LITHATURE  REVIEH 

The  extent  to  which  various  materials  permit  tha  pmi|i  of  UV  radio* 
tion  has  boon  roportod  at  length  in  tha  literature,  although  tha  axaot  wave 
lengths  used  have  not  always  bean  accurately  defined.  It  is  important  to 
designate  the  portion  of  the  spectrum  being  used  when  interpreting  suoh 
experimental  data*  .  Ellis ,  at  al  (75)  refer  to  work  done  by  Moss  and  Knapp 
where  the  investigators  founJ  TKat  four  millimeter  sheets  of  Fyrex  glass 
transmitted  40  per  oent  of  the  arythomal  UV  radiation  used.  The  erythemal 
range  includes  those  wave  lengths  between  2800A  and  3200A*  Luokiesh  and 
Taylor  (188)  demonstrated  that  Pyrox  glass  will  not  transmit  the  shorter 
wave  lengths  of  2637A*  The  relative  amounts  of  energy  of  various  wave 
lengths  emitted  by  low-pressure  mercury  discharge  lamps  is  shown  in  Table  X. 


TABLE  X.  RELATIVE  AMOUNTS  OF  ENERGY  OF  VARIOUS  WAVE 
LENGTHS  EMITTED  BY  TYPICAL  GERMICIDAL  LAMPS 
(General  Electric  Co*  99) 


WAVE  LENGTH,  A 

RELATIVE  ENERGY,  A 

2537 

95*15 

2652 

.16 

2804 

.04 

2894 

.10 

2967 

.43 

3022 

.22 

3130 

1*90 

3650 

trace  -  according  to 
type  of  lamp 

2.00 

1850 

\\ 

Luokiesh  (185)  investigated  the  extent  to  which  2537A  radiations  pene¬ 
trated  various  types  of  glass*  The  data  shown  in  Table  XI  are  taken  from 
this  work  and  show  the  transmission  abilities  of  18  different  kinds  of  glass* 
Table  XII  shows  the  transmission  of  several  wave  lengths  through  four  types 
of  Fyrex  glass*  Estimation  of  the  relative  baeterioidal  effectiveness  of 
two  wave  lengths  is  included*  Other  data  are  shown  in  Figure  10* 
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TABLE  El.  TRANSMISSION  OF  2S37A  UV  RADIATION  BY  DIIT1RZNT 
TYPES  OF  GLASS  (Luckissh  186) 


TYPE  OF  GLASS 

THICKNESS 

am 

PER  CENT 
TRANSMISSION 

Glass  Found  to  Transmit  2537A 

Corning  No.  9740* 

1 

S3 

Corning  No.  9741* 

1 

66 

Corning  No.  9720 

1 

46 

Corning  No.  9700 

1 

7 

Corning  Corsx  D 

1 

1 

Glass  Found  Not  to  Transmit  2537A 

ij 

j! 

Corning  No.  774  (Chsmieal  Pyrsx) 

1 

Load  glass 

1 

|| 

) 

Lima  glass 

1 

Corning  No.  772  .(Nonsx) 

Misosllansous  Pyrsx 

1 

1.05 

Microscops  glass 

0.18 

Miorosoops  sllds 

0.96 

Quartslits 

2.02 

Hslioglass 

2.00 

Vitaglass 

2.77 

Optical  glass  (6  typos) 

2 

Optieal  Is:  sss 

1-10 

Window  glass  (60  samplss) 

U7 

•  Glass  ussd  in  ths  manufacture  of  UY  lsaps* 
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TABLE  XIX.  PEE  CENT  TRANSMISSION  OP  FIVE  DIIRXWT  UV 
NAVE  LENGTHS  THROUGH  PY1EX  GLASS 


GLASS 

2637A 

WAVE  LENGTHS 
3022A  3130A 

3342A 

3660A 

Sheet,  3  mm  thick 

0 

21 

19 

69 

Sheet,  4*86  mm  thiok 

0 

7 

1  9 

89 

Pebbled  sheet,  3  mm  thiok 

0 

23 

sKm 

Preseed  sight,  5*8  mm  thick 

0 

7 

n 

89 

Relative  bactericidal  effective¬ 
ness  of  wave  length 

100* 

.028* 

Plexiglass  and  other  clear  plasties  transmit  very  little  8537A  energy* 
The  degree  of  trananlttanoe  la  a  function  of  the  thlekneea  of  the  plastlo 
me  well  ae  the  type*  Figures  11  and  13  (174)  show  the  per  oent  transmit¬ 
tance  of  various  wave  lengths  through  several  clear  plaetioe* 

Various  substituted  bensophenones  are  available  (11)  which  can  be  in¬ 
cluded  in  the  formulation  of  many  plastics  to  absorb  radiations  between 
2000A  and  4000A  and  to  prevent  the  discoloration  of  plasties  caused  by  UV 
exposure.  The  newest  of  these  is  2-hydroxy-4-methoiqjrter<so?*«none ,  known  as 
UV-9,  marketed  by  American  Cyanamid  Company,  Bound  Brook,  New  Jersey. 

UV  radiation  of  3587A  and  longer  show  high  transmission  through  dis¬ 
tilled  water.  Shorter  wave  lengths  show  increasingly  higher  absorption 
rates*  Roller  (174)  gives  the  following  table  for  the  transmission  of 
2587A  ultraviolet  in  distilled  wateri 

Depth  in  inches  3  6  12  34 

Per  oent  transmission  93  86  78  61 

Transmission  is  reduced  by  the  presence  of  dissolved  multivalent  salts 
or  organio  matter*  Generally,  iron  salts  and  organic  matter  have  a  greater 
effeot  on  absorption  than  4o  alkali  salts*  The  transmiseion,  t,  varies 
exponentially  with  the  depth  of  the  water,  d* 

t  ■  e 


The 


value,  a,  is  called  the  absorption  .coefficient.  The  transmission  of 


2637A  radiation  through  water  of  various  coefficients  of  absorption  is 
shown  in  figure  13*  Municipal  waters  show  a  considerable  variation  in  the 
transmission.  Water  samples  from  19  large  U.S.  cities  transmitted  from 
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Transnrittanco  in  Pnr  Cent  Transmittanen  in  Per  Cent 
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A.  Methyl  methacrylate,  thickness  1.47  mm. 

0.  Ally!  alcohol,  thlekneee  5.05  mm. 

C,  Celluloee  acetate  butyrote, thickness  0.41mm, 
0,  Celluloee  acetate, thlekneee  0.50  mm. 


Wava  Length  in  Millimicrons 

E.  Celluloee  nitrate, thlekneee  0.80  mm. 

F.  Celluloee  propionate,  thlekneee  0.25  mm. 

0.  Ethyl  celluloee,  thlekneee  0.79  mm. 

H.  Polystyrene,  thickness  0.45  mm. 

Figure  11,  Spectral  Tranenittanoe  of  Several 
Clear  Plasties .  Roller  (174) 
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Figura  13.  Par  Cant  Tranaaiaiion  of  2537A  for  Watara  of 
Dlffarant  Coafflciants  of  Abaorption. 
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0*36  to  45  per  cent  of  tho  UV  radiation  passed  through  a  test  oell  one 
foot  in  depth  (186) .  Contamination  of  water  with  saall  bite  of  filter 
paper,  cork,  or  dust  can  reduoe  UV  transmission  by  a  large  factor.  The 
transmission  of  distilled  water  can  be  reduced  from  98  to  88  per  oent  by 
passage  through  two  filter  papers* 

Songs  (288)  reviewed  information  on  the  permeability  of  olothing  to  UV 
radiation*  Whipcord  fabrics  are  practically  impermeable  to  UV  radiation, 
while  ootton  or  silk  stocking  material  may  transmit  from  18  to  40  per  oent* 
The  pore-sise  or  weave  of  the  fabric  has  the  most  effect  on  UV  penetration* 
Hart  (124)  states  that  elosely  woven  starohed  oloth  is  sufficient  to  stop 
over  99  per  oent  of  the  radiation  from  a  bactericidal  lamp* 


B#  EXPERIMENTAL 

Studies  have  been  made  by  the  authors  on  the  tranemittanoe  of  2837A 
energy  through  various  materials  using  a  16-watt,  hot  oathode  germicidal 
lamp*  The  UV  intensity  at  a  point  two  inohes  from  the  outer  edge  of  the 
lamp,  as  measured  by  SM-200  oliok  meter,  was  1710  miorowatts  per  square 
centimeter* 

As  shown  in  Table  XIXX,  only  the  onion  skin  paper,  the  powdered  weigh¬ 
ing  paper  and  the  operating  gown  showed  deteotable  transmission  of  the 
germioidal  radiation*  No  reading  was  obtained  on  the  instrument  with  the 
other  materials  tested* 

In  general  it  may  be  oonoluded  that  most  surfaces,  including  glass, 
plastics,  and  paper,  are  incapable  of  transmitting  2887A  radiation  to  any 
great  extent*  Laboratory  glassware  (soft  glass  or  Pyrex)  does  not  transmit 
the  2837A  band*  Pure  distilled  water  three  to  six  inohes  in  depth  does  not 
seriously  reduoe  UV  penetration,  while  munioipal  waters  nay  absorb  a  con¬ 
siderable  proportion  of  radiation* 


*• 
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TABLE  XIII.  TRANSMISSION  OF  2537A  RADIATION  THROUGH  VARIOUS  MATERIALS 


Intensity  directed  against  eaoh  arterial  ■ 
1710  nierowatts  per  square  oentiaeter 


MATERIAL 

MICROWATTS  PER  SQ 

CM  PASSING  THROUGH 
MATERIAL 

PER  CENT 
TRANSMISSION 

Flexible  vinyl  plastic  - 
2  Bill  thick 

0 

0 

Plastio  visor  of  face  shield 

0 

0 

Plexiglass ,  thick 

0 

0 

Visor  of  plastio  personnel  hood 

0 

0 

Baok  of  plastio  personnel  hood 

0 

0 

Pyrex  Petri  dish 

0 

0 

Glass  eye  -  pieoe  of  gas  aask 

0 

0 

Brown  wrapping  paper,  sheet 

0 

0 

Bond  typing  paper,  1  sheet 

0 

0 

Scratoh  paper,  1  sheet 

0 

0 

Onion  skin  paper,  1  sheet 

27 

1.5 

Powdar  weighing  paper,  1  sheet 

73 

4.2 

Bath  towel 

0 

0 

Operating  gown 

20 

1.2 
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VI.  MEASUREMENT  OF  UV  RADIATION 


A.  UNITS  OF  MEASUREMENT 

Just  at  trythtnal  energy  it  radiant  energy  oapablt  of  produoing  ery¬ 
thema,  germicidal  energy  it  capable  of  producing  germioidal  effects, 

Vitible  radiant  energy,  on  the  other  handt  it  oapablt  of  produoing  luminot- 
ity.  These  energies  may  be  meatured  and  expretted  in  terms  of  erg-seoonds, 
joulet,  microwatt-seconds  per  tquart  centimeter  (sq  cm),  or  lumens. 

In  the  cate  of  erythemal  produoing  radiation,  the  flux  it  analogout  to 
light  or  to  luainout  flux.  Flux  it  energy  meatured  acoording  to  the  effeo- 
tiveneaa  of  equal  amounta  of  energy  of  various  wave  length! ,  Luminous 
flux,  or  brightness,  it  meatured  in  foot-lamberti  and  the  corresponding 
term  for  use  with  erythemal  UV  it  E-viton,  or  microwatts  per  square  oenti- 
meter  of  effective  radiation,  Thus •  the  unit  of  exposure  it  the  E-viton- 
teoond  per  square  centimeter  which  is  equivalent  to  ten  microwatt-seoondt 
per  square  centimeter  of  2967A  radiation  or  equivalent, 

II 

In  the  measurement  of  germicidal  energy,  the  radiation  omitted  by  the 
lamps  it  concentrated  in  the  spectral  Region  of  2637A  whioh  it  near  the 
maximum  for  germioidal  effectiveness ,  The  intensity  of  germioidal  radia¬ 
tions  is  usually  expressed  in  microwatts  per  square  centimeter  of  2B87A 
reflation  and  is  a  measurement  of  flux.  The  total  UV  dose  is  oaloulated 
as  the  product  of  the  flux,  the  exposure  turfaee  (l  sq  om),  and  the  expo¬ 
sure  time,  thus  giving  microwatt-minutes  per  square  oentimeter.  This  term 
represents  the  total  energy  incident  upon  a  square  centimeter  of  surface 
and  for  simplicity  may  be  designated  as  the  ET  (intensity  x  time)  value* 

The  following  physical  definitions  are  helpful  when  converting  or  cal¬ 
culating  UV  intensities  (185),  ,.T 

Energy  measurements 

1  erg  ■  1  dyne  on 

10?  erg  «  1  Joule 

*  1  watt-second 

Power  measurements 

1  watt  ■  10'  ergs  per  second 

-  10®  microwatts 

1  erg  per  second  *  10"1  microwatts 
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Intimity  of  radiant  power  (pw  unit  ir>») 

1  miorowatt  pir  sq  on  ■  10  ergs  pir  ttoond  ptr  sq  on 
Exposure  or  donn 
1  microwatt-second  >  10  tr|i 
1  microwatt-minute  ■  600  tr|» 

Intensity  of  txpoiuri  or  donate  (or  unit  aria) 

1  microwatt-second  par  sq  OH  *  10  ergs  par  sq  oh 
1  microwatt-minute  par  sq  or  ■  600  ergs  par  sq  on 

Walls  (305)  adrooatad  tha  usa  of  a  surriral-ratio  oallad  a  "lathe".  Ons 
latha  is  aquivalant  to  tha  raduotion  in  baotarial  air  count  resulting  from 
one  oonplata  air  change  in  an  oeoupied  area*  This  ratio  has  bean  termed  a 
"unit  lethal  exposure"  by  Luokiesh  (185)*  Tha  survival-ratio  is  tha  frac¬ 
tion  of  tha  original  eonoentration  (PO)  of  bacteria  par  unit  area  or  par 
unit  volume  surviving  after  a  given  exposure.  With  eertain  microorganisms 
tha  relationship  between  tha  exposure  dose  and  the  survival-ratio  holds  ap¬ 
proximately  over  a  range  sufficient  for  praotioal  purposes.  Tha  relation¬ 
ship  for  air-borne  baotaria  exposed  to  UV  radiations  is  represented  by  the 
following  formulae 


■  a-** 

where  Po  ■  initial  concentration 

P  •  concentration  at  time  t 

a  ■  base  of  the  natural  system  of  logarithms  (approximately  2.716) 

E  ■  intensity  of  germioidal  flux 
t  •  the  time 

X  ■  a  constant  depending  on  environmental  conditions  such  as 
huaidity 

When  the  exponent  of  "e"  is  less  than  unit,  the  survival-ratio  equals 
0.368  and  corresponds  to  a  survival  of  36.8  per  oent,  or  one  lathe.  The 
established  procedure  is  to  plot  a  straight  line  survival  ourve  using  a  log¬ 
arithm^  ordinate  soale.  In  some  instances  where  the  required  aoouraoy  is 
not  oritioal,  the  use  of  this  system  may  be  advantageous,  but  in  general  it 
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is  better  to  calculate  inactivation  of  microorganisms  baaad  on  tha  radia¬ 
tion  doaa  aval labia  to  inaotlvata  and  sxperimental  data  showing  tha  rela- 
tiva  raaiativlty  of  various  air-borna  forms* 

Tha  moot  convenient  net hod  to  express  tha  eoncantration  of  UV  radiation 
is  by  tha  use  of  the  term  BT  (microwatts  par  sq  om  x  time  in  minutas)* 

This  tands  to  make  the  experimental  data  presented  here  more  easily  appli¬ 
cable  for  praotioal  uso*  For  example ,  in  one  test  room  (376  ou  ft)  two 
30-watt,  hot  cathode,  UV  lamps  without  reflectors  located  on  tha  oeillng 
were  turned  on  and  a  series  of  readings  taken  with  a  mater  to  measure  tha 
intensities  falling  on  various  surf sees*  An  average  value  was  determined 
for  eaoh  surface  as  shown  in  Table  XZV. 


TABLE  XZV.  UV  ZNTENSZTZES  AT  VARIOUS  DZSTANCES  FROM  TITO 

30-WATT  LAMPS 


SURFACE 

DISTANCE  FROM 

MICROWATTS  PER 

CEZLZNG,  cm 

SQUARE  CENTIMETER 

On  top  of  transfer  cabinets 

90 

85 

On  tabid  tops 

On  chalk*  tops 

On  floor 

180 

25 

210 

18 

266 

15 

From  these  data  one  can  determine  that  ET  value  for  any  surfaoe  level 
by  multiplying  by  the  expected  exposure  time*  'Then  with  this  figure  and 
other  data  presented  here,  an  estimation  of  the  conditions  necessary  to 
obtain  any  degree  of  microbial  killing  can  be  made*  Of  oourse,  in  actual 
practice  it  is  best  to  include  a  suitable  safety  faotor* 


B.  METHODS  OF  MEASUREMENT 

Because  of  the  characteristics  of  the  spectral  output  of  the  low-pres¬ 
sure  mercury  vapor  UV  lamp,  the  problem  of  measurement  is  greatly  simpli¬ 
fied.  Since  over  95  per  cent  of  the  energy  emitted  from  the  lamps  is  in 
the  range  of  2537A,  a  measuring  devioe  having  a  good  sensitivity  in  this 
region  without  high  selectivity  of  response  is  satisfactory  f ?r  making  ac¬ 
curate  intensity  measurements.  Zn  other  words,  practieally  all  that  is 
necessary  is  to  compensate  in  some  manner  for  the  visible  radiations  and 
for  the  UV  radiations  longer  than  about  9000A.  Two  general  methods  for  the 
measurement  of  energy  in  the  region  of  2537A  are  in  coarnon  use* 
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The  first  method  involves  ths  uss  of  a  photoooll  or  photronio  ooll  which 
measures,  through  quarts ,  ths  total  UV  radiation  plus  whits  light*  Than  by 
moans  of  a  suitable  filter,  suoh  as  a  thin  sheet  of  Fyrex  glass,  radiations 
longer  than  3000A  oan  be  measured  and  subtracted  from  the  total*  The  Fyrex 
glass  transmits  the  energy  in  the  3000A  region  and  longer  but  not  the  2537A 
energy,  whereas  the  quarts  is  transparent  to  both*  The  differenoe  in  the 
two  regions  is  designated  at  2B37A  radiation* 

Suoh  a  meter  developed  by  Taylor  (280)  oonsists  of  a  light  meter  (pho- 
tronio  oell  graduated  in  foot -candles)  and  a  speoial  attachment*  The  at¬ 
tachment  employs  a  thin  layer  of  fluoresoent  material  between  a  sheet  of 
quarts  and  a  shest  of  glass*  Zinc-silicate  phosphor  was  seleoted  as  the 
fluoresoent  material  beoause  of  its  selective  character  when  exposed  to  VV 
radiation  of  various  wave  lengths.  The  maximum  sensitivity  of  sino-silioate 
phosphor  occurs  at  2BS7A  (99  psr  cent),  while  radiations  of  3000A  and  longer 
produce  no  fluoresoent  effect.  In  the  operation  of  the  meter  a  reading  is 
first  taken  with  the  quarts  and  then  with  the  glass  side  of  the  attaohment 
exposed  to  the  UV  source.  The  difference  in  the  two  readings  is  proportion¬ 
al  to  the  intensity  of  the  UV  energy.  Each  attachment  is  calibrated  to  give 
a.  faotor  by  which  the  difference  in  the  two  readings  (in  foot-candles)  must 
be  multiplied  in  order  to  obtain  the  intensity  in  miorowatts  per  square 
centimeter.  The  sensitivity  of  the  meter  is  suoh  that  one  foot-oandle  on 
the  meter  indicates  an  intensity  Of  about  40  microwatts  per  square  oenti- 
meter  V  energy  in  the  2537A  range.  This  meter  is  suitable  only  for  meas¬ 
uring  liigh  intensities  reoeived  at  a  short  distanoe  from  the  UV1  nouroe.  The 
meter  is  oalled  the  Luokiesh-Taylor  Germicidal  Attaohment  and  is  available 
h*es  General  Electric  Company* 

festinghouse  Eleotrie  Corp*,  manufactures  a  similar  meter,  designated 
as  the  SM-600  UV  meter,  for  the  purpose  of  measuring  the  intensity  of  UV 
lamps*  This  meter  is  a  converted  foot-oandli  meter  with  enclosed  filters 
which  is  held  directly  against  the  UV  lamp  to  obtain  the  intensity.  Cor¬ 
rection  factors  are  supplied  so  that  readings  may  be  taken  from  all  types 
of  UV  lamps* 

In  Sweden,  Laurell  and  Kongo  (179)  constructed  a  "filter  differenoe" 
meter  using  a  selenium  barrier-layer  oell  with  its  laoquer  surface  removed* 
Activation  of  the  oell  is  measured  on  a  galvanometer.  A  reading  i*  first 
made  through  an  UV-transparent  but  light-absorbing  UG-5  filter*  A  aeoond 
reading  is  made  using  0*20  per  cent  oopper  sulfate  solution  or  a  thin  layer 
of  oellulose  acetate  as  an  additional  filter  to  remove  baoterloidal  radia¬ 
tion.  The  difference  in  the  two  readings  is  a  measure  of  the  UV  intensity* 

Other  meters  have  been  designed  using  phosphor-ooated  quarts  and  Fyrex 
glass  cells  connected  to  micro ammeters  or  galvanometers  to  msasure  the  dif¬ 
ferenoe  in  current  generated  by  the  two  oells*  The  sensitivity  depends  upon 
the  selection  of  the  phosphor  cells*  Calibrations  are  generally  suoh  that 
one  microampere  is  equal  to  an  intensity  of  ten  microwatts  per  square  centi¬ 
meter  of  2S37A  energy* 


ea 


Th«  socond  general  method  for  measuring  germicidal  UV  radiation*  in¬ 
volve*  the  us*  of  phototubes* 

Several  types  of  vacuum  phototubes  for  measuring  UV  intensities  are 
available*  They*  phototubes  operate  on  the  principle  that  a  pur*  metal  has 
photoelectric  response  to  a  definite  band  in  the  spectrum*  The  oathod* 
surfaces  are  coated  with  a  metal  which  is  sensitive  in  the  desired  range*  o 
The  phototubes  aro  made  of  UV  transmitting  glass*  Perhaps  the  first  tub* 
of  this  type  was  devolopod  by  Roller  (173)  who  used  a  cadmium-magnesium 
alloy  as  the  cathode  in  a  Covex  D  bulb*  The  upper  response  of  this  bulb 
was  around  3400A* 

The  characteristics  of  four  UV  phototubes  mad*  by  Kestinghous*  Corp* 
(310)  aro  shown  in  Table  XV*  The  zirconium  tube  has  its  maximum  response 
at  2340A,  the  thorium  phototube  at  2550A,  the  tantalum  tub*  at  2400A  and 
the  platinum  tub*  at  1849A*  The  lower  limit  of  response  (2000A)  is  the 
same  for  the  first  three  and  is  determined  by  the  glass  of  the  bulb.  The 
limit  of  upper  response  is  a  function  of  the  metal  used.  For  measuring 
germicidal  radiation,  the  Kl-7765  tantalum  phototube  is  probably  preferable 
because  radiation  longer  than  3D00A  will  not  sensitize  the  tub*.  This 
means  that  the  KL-775  tube  is  practically  insensitive  to  ordinary  sunlight, 
Figure  14.  The  manufacturer  recossaends  that  phototubes  be  cleaned  with  an 
aloohol  soaked  cotton  pledget  before  use*  Phototubes  are  presolarised  at 
the  factory  before  being  calibrated.  However, exposure  to  high  intensity 
radiation  can  cause  further  solarization.  Phototubes  must  be  used  with 
electrometers  or  integrating  meters  such  as  the  Kestinghous*  SK»200. 


// 

TABLE  XV.  CHARACTERISTICS  OF  KESTINGHOUSE  UV  PHOTOTUBES 
(Kestinghous*  Eleotrio  Corp.  310) 


leeillMM  >*w 

DESIGNATION 

KL-767 

KL-773 

KL-77B 

KL-789 

Cathode  surface 

Zirconium 

Thorium 

Tantalum 

Platinum 

Maximum  response 

2390A 

2550A 

2400A 

1849A 

Response  rang* 

2000A-31S0A 

2000A-3677A 

2000A-3000A 

1700A-2100A 

Uses 

Erythemal 
Vitamin  D 

i 

Erythemal 
Vitamin  A 
Vitamin  D 
General  UV 

Erythemal 

Bactericidal 

Oson* 

Figne  14 
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An  UV  meter  using  the  VL-775  phototub*  vn  ua*d  in  many  of  th*  itudi** 
reported  her*.  Th*  m*t*r  «»•  oapabl*  of  accurately  measuring  int*n*iti** 
from  on*  to  150  microwatt*  p*r  square  centimeter.  Th*  reading*  war*  ob¬ 
tained  in  milliampar**  and  than  converted  to  microwatt*  par  aquar*  centi¬ 
meter  by  applying  the  proper  correction  factor**  Thia  meter  waa  standard*' 
ited  by  the  National  bureau  of  Standard*  before  being  used. 

Another  satisfactory  meter  for  measuring  intensities  of  2537A  ranging 
from  one  to  500  microwatts  per  square  centimeter  waa  designed  and  built  for 
th*  authora  by  th*  local  engineering  department.  Information  for  th*  basic 
design  was  obtained  from  Luckiesh  (165).  The  meter  utilises  an  RCA  type 
935  vacuum  phototube  employed  in  combination  with  a  suitable  amplification 
system.  The  phototube  haa  a  low  cutoff  of  approximately  2000A.  A  filter 
is  uaed  to  sero  th*  instrument,  and  an  ordinary  glass  mierosoop*  slide  is 
used  to  eliminate  any  reading  due  to  luminous  flux.  Th*  meter  is  first  ad¬ 
justed  to  sero  with  th*  glass  slide  covering  th*  aperture.  Consequently, 
when  th*  microscope  slide  is  removed,  any  reading  on  th*  meter  will  be  due 
to  radiant  energy  in  th*  region  between  2000A  to  2650A.  This  meter  was 
also  standardised  by  the  National  Bureau  of  Standards,  and  has  proved  valu¬ 
able  in  practical  as  well  as  experimental  studies.  Th*  wiring  diagram  is 
shown  in  Figure  15. 

A  battery  operated  "Germicidal  UV  Intensity  Mvter"  is  manufactured  by 
GeneraJ/'Klectrio  Company.  Th*  portable  meter  utilises  a  phototube  and  an 
Evereatly  #487  battery.  Intensity  measurements  are  expressed  in  milliwatts 
per  square  foot,  which  can  be  changed  to  mierowatts  per  square  centimeter 
by  multiplying  by  1.073.  The  meter  has  four  sensitivity  seleotors  and  oan 
measure  intensities  up  to  100  milliwatts  per  square  foot. 

Th*  Archer-Reed  Company,  Dearborn,  Michigan,  has  developed  an  intensity 
meter  with  a  tantalum  photocell  for  th*  measurement  of  low  intensity  germi¬ 
cidal  radiation. 

A  meter  fer  determining  th*  per  cent  reflectance  of  UV  radiation  from 
flat  surfaces  such  as  walls  and  ceilings  has  been  mad*  by  General  Electric 
Company  (281).  Th*  meter  utilises  a  four-watt  germicidal  lamp  as  the  radia¬ 
tion  source. 

An  integrating  UV  meter  which  records  th*  energy  by  means  of  a  mechani¬ 
cal  counter  and  an  audible  click  device  is  manufactured  by  Meetinghouse 
Eleotric  Corp.  This  meter  is  known  as  th*  SM-200  UV  meter*  Th*  circuit 
diagram  of  this  meter  is  shown  in  Figure  16.  Vestinghouse  Electric  Corp. 
(311)  has  supplied  the  following  descriptive  information. 

UV  radiation  on  th*  sensitive  surface  of  the  phototube  causes  current 
proportional  to  th*  intensity  of  th*  radiation  to  flow  through  th*  photo¬ 
tube  and  charge  condenser  C^  (Figure  16).  Vhen  th*  voltage  aoross  th*  con¬ 
denser  reaches  a  definite  value,  th*  condenser  discharges  across  the  trigger 
T  and  cathode  K,  electrodes  in  the  relay  tube  VL-759.  This  aotion  starts  a 
discharge  between  cathode  X  and  anode  A  whioh  operates  relay  Li  in  meter 
case  by  discharge  of  condenser  Cg. 
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Ths  momsntary  closing  of  ths  rslay  Li  contacts  opsratss  ths  countsr  Lg. 

As  soon  as  condsnssr  Co  is  discharged,  ths  currant  through  ths  rslay  tubs 
between  anods  A  and  cathode  X  csasss  to  flow,  and  ths  oircuit  is  in  condi¬ 
tion  to  rspsat  ths  oycls  of  eparations.  Bscauss  of  ths  lag  in  ths  oparation 
of  rslay  Li  and  countsr  L2  ths  meter  will  not  bs  accurats  at  intsnsitiss 
which  givs  countsr  clicks  of  nors  than  40  par  minute.  To  insurs  aoouracy 
of  msasursmsnt  and  long  lifs  of  ths  rslay  and  countsr,  it  is  rscomnsndad 
that  ths  phototubs  bs  placsd  at  such  a  distanes  from  ths  aouroa  bsing  meas¬ 
ured  that  ths  countsr  on  ths  nstsr  will  operate  at  approximately  20  olioks 
par  ninuts. 

Ths  characteristics  of  phototubss  and  rslay  tubs  WL-759  vary,  hsncs  it 
is  nsosssary  to  calibrats  ths  SM-200  nstsr  for  each  tubs  used.  If  a  photo¬ 
tubs  or  rslay  tubs  is  ohangsd,  ths  nstsr  should  bs  rstumsd  to  ths  factory 
to  bs  recalibrated  with  ths  nsw  tubs  bscauss  this  cannot  bs  dons  conven¬ 
iently  in' ths  fisld, 

1 

An  SM-200  nstsr  rsgistsrs  ons  unit  on  ths  countsr,  or  ons  click,  for  a 
specific  nunbar  of  nicrowatt-ssconds.  Usually  ons  cliok  equals  between  260 
to  300  nicrowatt-ssconds  and  ths  nstsr  maintains  its  calibration  over  long 
periods  of  tins  if  ussd  carefully.  Ths  sensitivity  of  ths  phototube  and 
ths  opacity  of  ths  oontrol  condsnssr  nust  bs  balanoed  to  keep  ths  nunbar 
of  clicks  par  ninuts  within  ths  naxinua  of  40  par  ninuts.  Mors  than  40 
clicks  par  ninuts  nay  causa  inaocurats  readings  and  the  countsr  to  bs  ten- 
porarily  inoperative. 

Ths  SM-200  nstsr  can  bs  calibrated  for  use  with  any  of  ths  UV  phototubss 
listed  in  Table  XV.  Ths  NL-775,  tantalun  photoosll  is  ths  photoosll  of  oholoe 
for  use  with  artificial  UV  radiations.  This  nstsr  has  been  found  to  bs  ths 
nost  acourats  of  those  discussed.  In  practice  ths  nstsr  is  used  periodically 
to  standardise  other  meters  routinely  ussd. 


C.  CALCULATING  UV' INTENSITIES 

Ths  nsthod  of  calculating  ths  total  output  of  UV  lanps  has  been  supplied 
by  Nagy  (218).  Ths  fomula  ussd  ist 

If  .  K  >  L  x  D* 

10® 

where  V  ■  watts  of  gsrnicidal  UV  radiation  (2637A), 

X  ■  a  constant  whioh  is  9.92  for  30-inoh  lanps, 

L  ■  an  intensity  neasureuent  in  microwatts  per  sq  on  at  a  psrpsndioular 
distance  from  ths  lanp,  which  is  at  least  five  tines  ths  length 
of  ths  lanp,  and 

D  ■  that  distanoe  fron  the  lanp,  in  centimeters. 


For  example,  if  the  intanaity,  300  oantimetera  from  a  60-centimeter 
lamp,  ia  10  miorowatta  par  squart  centimeteri 


H  -  9.92  x  10  x  (300)? 
10s 


88.28  x  10® 

"  ioS  ' 


W  .«  8.82 

0 

For  usa  in  conjunction  with  tha  abova  formula,  a  curva  auoh  aa  ahowr.  in 
Figura  17  ia  convaniantly  uaad  to  determine  avaraga  intanaitiaa  at  varioua 
diatancaa  from  tha  aourca. 

It  ia  aometimee  uaaful  to  calculata  tha  UV  intanaity  at  tha  aurfaca  of 
a  lamp  or  at  diatancaa  vary  doaa  to  tha  lamp  aurfaca.  Firat  tha  total  out¬ 
put  mu  at  ba  datarminad,  Thia  figura  nay  ba  obtainad  by  tha  method  daacribad 
abova*  Than  tha  area  of  tha  amitting  aurfaca  ia  ealoulatadi  remembering 
that  tha  affactiva  amitting  langth  of  tha  tuba  must  ba  uaad  rather  than  ita 
over-all  langth*  If  tha  area  ia  divided  into  the  total  output ,  an  eatimate 
of  the  emiaaion  Intanaity  par  unit  area  of  lamp  aurfaoe  ia  obtained*  For 
example,  tha  affactiva  amitting  area  of  17-watt  oold  cathode  iampa  ia  ap¬ 
proximately  383  aquare  centimeter  and  tha  total  output  ia  8*2  watte.  Thue, 
dividing  8*2  by  383  yielda  0*01361  watte  par  aquare  eentimetor  or  13,610 
miorowatta  par  aquare  eentimater  of  bulb  aurfaca* 

Thia  technique  can  alao  ba  uaad  to  eatimate  intanaitiaa  up  to  aereral 
Inohea  from  the  .lamp  aurfaca*  Thue  one  oould  ealoulata  tha  intanaity  par 
unit  araa  of  a  cylindrical  type  10  oentimetera  in  diameter  into  whloh  a  UV 
lamp  had  bean  cantered  by  determining  tha  araa  of  tha  tuba  and  dividing  into 
tha  total  output* 

A  "factor  aye tan"  ia  aomatinaa  uaaful  to  eatimate  tha  approximate  radia¬ 
tion  intanaity  on  aurfacea  at  different  diatanoaa  from  an  UV  lamp*  Tha  in¬ 
tanaity  of  tha  lamp  at  one  mater,  in  miorowatta  par  aquare  centimeter  ia 
multiplied  by  a  factor  for  the  diatance  aelected*  Theae  factora  are  ahown 
in  Table  XVZ.  They  are  applicable  for  hot  and  cold  cathode  lampa  aa  wall 
aa  Slimline  lampa.  The  intanaity  at  one  mater  can  ba  meaeured  by  an  SM-600 
meter  or  it  can  ba  taken  aa  tha  100  hour  output.  Since  it  accounta  for 
lamp  deterioration  and  for  tha  output  at  tha  prevailing  temperature,  tha 
former  mathod  la  probably  tha  more  accurate*  Tha  intanaity  faotora  in 
Figura  17  are  applicable  only  for  UV  lampa  with  no  refleetore*  Theae  fao¬ 
tora  provide  an  aaay  mathod  for  quickly  calculating  UV  intanaitiaa  within 
five  par  cant  accuraoy*  For  praciaa  meaeurementa,  however,  a  reliable 
mater  ahould  ba  uaad* 
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TABLE  XVI.  FACTORS  FOR  ESTIMATING  GERMICIDAL  INTENSITIES 
AT  VARIOUS  DISTANCES  FROM  AN  UV  LAMP 

O 


DISTANCE  FROM  LAMP,  inch** 

INTENSITY  FACTOR 

2 

32.3 

3 

22.8 

4 

18*6 

6 

12.0 

8 

9.88 

10 

7.94 

12 

"  6.48 

14 

6,36 

18 

3.6 

24 

2.33 

36 

1.22 

39*37  (1  Mtir) 

1.00 

48 

.681 

60 

.462 

80 

.266 

100 

,169 

120 

.116 

)) 
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VII.  OZONE 


The  role  of  oiobo  in  any  adequate  disouaaion  of  UV  radiation  mat  bo 
oonaidorod  booauao  this  gas  ia  producad  by  sons  (arnicidal  lamps.  A  review 
of  a  linitad  muabar,  of  publioationa  arailabla  concerning  oaono  indieataa 
that  oontrovaraial  iaauaa  exist,  It  ia  appropriate,  tharafora,  that  thia 
chapter  inoluda  a  rathar  complete  discussion  of  oaona  aa  it  partaina  to  UV 
radiation. 

Baoauaa  tha  raporta  ara  numerous  and  conflicting,  a  oartain  aaount  of 
aalaotivity  haa  boon  naoaaaary  in  tha  ohoioa  of  rafarenoa  notarial.  Rafsr- 
anoa  notarial  and  original  atudiaa  which  wara  auppliad  by  Dr.  R.  Nagy  (219, 
220,221)  wara  invaluabla.  A  raport  and  bibliography  by  Thorp  (285,287)  waa 
alao  vary  halpful  and  ahould  ba  rafarrad  to  for  nora  oonplata  information. 


A,  THE  CHEMISTRY  AND  PHYSICS  OF  OZONE 

In  1782,  Cavallo  notad  that  "electrified  air"  axhibitad  a  purifying 
notion  on  daoaying  animal  and  vagatabla  matter,  Ovar  80  yaara  latar,  in 
1840  Sehonbain  ahowad  that  tha  oonpound  waa  a  forn  of  oxygon  and  nanad  xt 
oaona. 

Oaona  ia  a  gaaaoua  oonpound  produoad  by  tha  photoohanioal  raaotion  of 
3  Og  to  2  O3.  It  ia  a  powerful  oxidiaing  agent  and  readily  oonbinaa  with 
many  aubatanoaa,  It  ia  a  deep  blue  liquid  at  -180°C,  Khan  oaona  oxidises 
matariala,  oxygen  ia  ralaaaad.  Oaona  ia  nora  soluble  in  water  than  ia  oxygen, 

Sona  of  tha  oonatanta  of  pure  oaona  have  bean  listed  by  Hann  and  Manley 
(115). 


B.P.  -112°C 

M.P,  «2B0°C 

Aa  -183  1.571 

Vapor  density  at  0°C,  gns/1  2,14 

Solubility  in  water  at  5K>®C ,  gns/l  0,57 


For  concentrations  of  oaona  below  1.0  par  oant,  values  ahould  ba  ex¬ 
pressed  in  tarns  of  ppm/wt.  Table  XVII  (285)  will  ba  found  valuable  for 
oaloulating  and  oonvarting  oaona  eonoentrations, 

Oaona  oan  ba  used  to  hasten  tha  drying  of  paints,  oils,  and  varnishes, 
by  rapid  oxidation.  It  is  onployad  to  aterilise  and  deordorise  water, 
blaaoh  organic  pigments,  and  oxidise  organio  odors  (221),  For  filtering 
large  amounts  of  osona  fron  breathing  air,  Van  Atta  (281)  haa  raoonnandad 
a  bad  of  absorbent  carbon  or  possibly  ailioa-gel. 
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TABLE  XVII.  OZONE  CONCENTRATION  FACTORS 

0°C  -  760  m  .>■ 

1  litsr  of  osons  woig hi  2.144  gn 
1  lltir  of  oxygon  weighs  1.429  go 
1  litor  of  sir  weighs  1.293  gm 

To  convert* 

Ports  pir  million  to  per  cent,  dividi  by  10,000  (1) 

Ports  psr  million  by  voluas  to  ports  psr  million  by  weight i 
in  oxygon,  multiply  by  1.50  (2) 
in  oir,  multiply  by  1.66  — (3) 

NOTE i  If  ovsr  10,000  ports  psr  million  for  oceurocy  oonvcrt  first 
to  psr  sent  ond  thsn  uss  squotions  (8)  or  (9). 

Milligroms  psr  litsr  to  ports  psr  million  by  weight* 
in  oxygon,  multiply  by  700  (4) 

in  oir,  multiply  by  773  (5) 

NOTE i  If  ovsr  10  ng/l  for  ooourooy  convert  dirsctly  to  psr  osnt  by 
moons  of  squotions  (6)  or  (7). 

Groms  per  litsr  (X)  to  weight  psr  osnt,  uss  ths  following  squotions i 
in  oxygon, 

**  V"  0,nt  ■  (,) 

**  p . *  ’  l.wffi  {%)•!&  <7) 

Volums  psr  osnt  (Y)  to  weight  psr.  osnt,  uss  ths  following  squotions t 
lB  °WB,Wt  p.r  o.M  .  (•> 

in  oir,  .  .  . 

** p,r  MBt  ■  mi1!  IflttfW  « 
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The  diffusion  rats  of  osons  into  air  is  about  0*12  centimeter  par  seoond* 
Ths  half-Ilfs  of  osons  at  room  temperatures  and  at  rslatlvs  humidities  be¬ 
tween  64  and  88  psr  osnt  is  approximately  three  ninutss  (78)*  Moisturs  and 
tsmpsraturs  affsot  ths  rats  of  dsoonposltion  of  osons*  Ths  rats  of  dso on- 
position  is  proportional  to  ths  square  root  of  ths  absoluts  hunldity*  A 
twofold  lnorsass  in  ths  dsoonposltion  rats  would  rssult  from  a  relative  in- 
orsass  fron  20  to  90  psr  osnt  (at  roon  tsnpsraturs) •  This  is  a  firsfold  in- 
orsass  in  absoluts  hunldity*  At  lowsr  tsnpsraturss ,  moisture  affsots  ds¬ 
oonposltion  to  a  lssssr  dsfrss  because  ths  absoluts  huniditiss  ara  nuoh 
lowsr.  Ths  dsoonposltion  rats  of  osons  is  inereasedjsy  a  riss  in  tsnpsra¬ 
turs*  Whan  ths  tsnpsraturs  is  raised  fron  7°C  to  32°C,  ths  eeuillbriun  oon- 
osntratlon  is  rsduosd  ons-half  (78).  At  a  tsnpsraturs  of  100 ®C  ths  dsoon¬ 
posltion  of  osons  would  bs  nsarly  instantansous  (219)  * '  Ths  anount  of  ex- 
possd  surfaos  arsa  also  affsots  ths  rats  of  osons  dsooaposition.  Swsll  (78) 
statss  that  ths  dsoonposltion  eoaffieisnt  (K)  of  osons  is  approxinatslyi 


K  -  2jZ  -  0.23 

whsrs  tJf  ■  ths  osons  half-lifs  (thrss  ninutss) 

A  method  for  oaloulating  ths  osons  production  of  VV  laaps  is  (Iran  on  pags 
89*  Xnforaation  on  ths  physical  properties  have  bssn  conveniently  ooapilsd 
by  Thorp  (287) « 


B.  MEASUREMENT  OF  OZONE 

For  the  past  97  years,  ths  nost  eoanon  reagent  for  osons  dstsotion  has 
been  potasslua  iodide  solution,  although  other  reagents  have  bssn  suggested 
(283). 

One  sinpls  test  involves  ths  use  of  strips  of  filter  paper  whioh  have 
bssn  dipped  in  a  solution  oontalning  starch  and  potasslua  iodide  (61)* 

Upon  exposure  to  osons,  ths  paper  will  turn  deep  blue*  Ths  test  is  not 
quantitative,  and  it  is  nonspsoiflo  in  thst  other  oxidising  agents  (e*g« 
ohlorine)  will  produos  ths  sans  reaction*  This  crude  nethod  is  soastlnes 
used  for  estiaating  concentrations  between  0*4  to  20  ppsi  psr  volune.  It  has 
been  used  for  eheoking  osons  concentrations  in  oold  storage  roons* 

In  1940,  Thorp  (263)  reported  sons  iaprovenents  in  ths  stareh-iodide 
-  aothed  Off  - 83088  analysis*  Ths  oonaon  nethod  then  in  use  involved  passing 
osons  oontalning  air  through  a  neutral  solution  of  potasslua  iodide,  aoidi- 
fying  ths  solution  and  titrating  the  free  iodine  with  a  standard  sodiun 
thiosulfats  solution*  Using  2  N  potassiun  iodlds  solution  in  this  aanner, 
osons  concentrations  of  0*0013  ailligran  psr  eubio  osntiastsr  off  solution 
eould  bs  dstsotsd.  At  this  sonsitivity,  a  ninlnua  of  9*9  liters  of  air  con¬ 
taining  0*1  ppa  psr  weight  osons  had  to  bs  saapled  for  saoh  oubio  osntiastsr 
of  potassium  iodide  test  solution*  Lowering  ths  pH  of  ths  test  solution 
failed  to  inorsass  ths  sensitivity  but  introduosd  other  errors  (63)* 


Thorp  (283)  found  that  tho  u»o  of  a  buffer  solution  increased  the  sen¬ 
sitivity  of  the  potassium  iodide  solution*  Five  grams  of  aluminum  ohloride 
hexahydrate  and  one  gram  of  ammonium  ohloride  made  up  to  one  liter  con¬ 
stituted  the  stook  buffer  solution*  Five  cubic  centimeters  of  the  stook 
buffer  were  added  to  each  100  cubic  centimeters  of  potassium  iodide  test 
solution  before  the  test  was  nun  The  test  soltuion  was  not  acidified  dur¬ 
ing  the  titration  and,  on  storage,  was  stable  for  three  hours  in  light  and 
40  hours  in  the  dark.  Using  this  method,  Thorp  increased  the  sensitivity 
to  0*00062  milligram  of  oione  per  cubic  centimeter  of  potassium  iodide  solu¬ 
tion*  The  titration  was  made  with  not  greater  than  0:01  N  thiosulfate  using 
a  2-eubic  centimeter  microburet ,  Thorp  reoommends  that  Nan  absorption  tube 
containing  chromic  acid  and  a  tube  containing  potassium  permanganate  ..... 
be  provided  before  the  potassium  iodide  absorption  bottles"  to  insure  that 
only  pure  osone  reaches  the  test  solution. 

Nagy  (219)  investigated  the  accuracy  of  an  osone  analysis  method  in 
which  the  potassium  iodide  was  titrated  (226)  and  another  (272)  employing 
a  colorimetric  analysis  and  found  the  results  of  some  to  be  high  by  as  muoh 
as  a  faotor  of  ten* 

In  1938,  Paneth  and  Edgar  (233)  suggested  a  modified  method  of  osone 
analysis  with  potassium  iodide*  This  method  was  reported  further  in  1941 
(234)  and  in  1944  (105),  and  modified  in  1946  by  Crabtree  (60,61)* 

Crabtree's  method  has  been  used  by  Nagy  at  Veetinghouse  Electric  Corp*  who 
has  supplied  a  description  of  the  method  (219)*  Since  this  method  appears 
to  be  best  for  accurate  determination  of  small  quantities  of  osone, 
Crabtree's  description  is  presented  below* 

To  furnish  sufficient  iodine  for  measurement  in  the  short  time  allot¬ 
ted,  a  large  volume  of  air  must  be  sampled.  To  insure  absorption  of  the 
osone,  the  air  to  be  measured  is  made  to  generate  a  fine  spray  of  potassium 
iodide  solution.  In  this  way  a  large  solution  surfaoe  is  furnished  for  the 
reaction*  Tho  apparatus  is  shown  schematically  in  Figure  18* 

In  Figure  18,  A,  is  a  glass  tube  0.375  inch  In  diameter  and  approxi¬ 
mately  four  inches  long,  terminating  at  B  in  a  short  length  of  capillary 
tubing  with  a  bore  of  one  to  two  millimeters.  Conoentrio  within  A  is  a 
smaller  glass  tube,  C  (Figure  18,  a,  shows  this  assembly  on  a  larger 
soale)*  The  end  of  C  is  first  carefully  heated  in  a  blow-pipe  flame  until 
the  bore  is  reduced  in  sise  so  as  to  just  admit  a  number  69  drill.  At 
this  thickened  end  two  flats  are  ground  off  on  a  sheet  of  fine  Aloxite 
paper  as  at  D  in  Figure  18,  b.  When  in  position  in  tube  A,  end  D  fits 
snugly  against  the  hole  in  capillary  B.  The  nossle  C  may  be  sealed  to  A 
at  the  upper  end,  but  it  is  bettsr  to  rely  on  the  rubber  connection  at  E 
to  hold  the  tubes  in  place,  since  once  sealed  in,  C  cannot  be  removed  for 
cleaning  in  the  event  of  blockage* 


A  trap*  F,  la  two  inches  in  diameter  and  four  Inchon  long.  6  it  an 
enlargement  in  the  oxit  tub#  1«5  inohot  in  diameter,  containing  gXata  wool 
to  trap  spray  patting  0.  The  trap  F  it  oonnootod  to  tho  tid#  tub#  of  A  by 
rubber  tubing  or  th#  trap  nay  b#  p#man#ntly  attached  at  thown  in  th# 
figur#*  Th#  rubber  connector  it  mor#  convenient ,  but  th#  tubing  ut#d  nutt 
firtt  be  toak#d  for  a  long  period  in  dilut#  iodin#  tolution  and  thoroughly 
wath#d|  or  iodin#  may  b#  taken  up  from  th#  reagent,  H  it  a  one-li ter, 
three-necked  Houlff't  bottle  in  whioh  A  and  F  ar#  • toured  by  Pyrex  ground 
joints,  A  oooupying  th#  o#nt#r  opening  with  B  protruding  just  b#low  th# 
neck  and  tub#  J  reaching  to  within  0(5  inch  of  th#  bottom  of  th#  bottle, 
Th#  third  nook  serves  for  introducing  and  removing  th#  reagent, 

A  it  oonn#ot#d  through  rubber  Joint#  and  glatt  or  plaatio  tub#,  K,  to 
rotom#t#r ,  L,  graduated  from  0  to  1*0  cubic  m#t#ra  of  air  per  hour.  Th# 
inlet  to  th#  rotom#t#r  it  open  to  th#  atmosphere  whoa#  oton#  oontant  it  to 
b#  determined.  Th#  outlet  from  6  it  oonn#ot#d  to  a  vacuum  line.  After  76 
milliliters  of  r#ag#nt  ar#  introduoad  into  H,  th#  atopp#r  it  replaced,  and 
th#  vacuum  gradually  applied.  Almost  th#  #ntir#  body  of  liquid  will  #nt#r 
F,  furnishing  a  head  of  r#ag#nt  at  B,  where  th#  #nt#ring  air  resolves  it 
into  a  fin#  mitt  whioh  filla  th#  #ntir#  bottl#.  At  th#  and  of  th#  run  th# 
vacuum  it  disconnected  and  th#  liquid  transferred  to  th#  titration  v#aa#l. 
When  runt  longer  than  on#  hour  ar#  oall#d  for,  it  it  n#o#taary  to  add  dis¬ 
tilled  water  at  intervals  to  oompensate  for  evaporation.  This  it  conven¬ 
iently  don#  through  the  air  intake.  Th#  amount  of  liberated  iodin#  it 
determined  by  titration  with  sodium  thiosulfate.  Sino#  th#  amount  it  to 
small,  0.002  N  to  0.001  N  solutions  mutt  b#  used,  and  sino#  th#  and  point 
using  starch  at  indicator  it  uncertain,  th#  #l#otrom#trio  method  of  Foulk 
and  Bawden  (86)  it  retorted  to,  in  whioh  us#  it  mad#  of  th#  depolarising 
•ff#ot  of  iodin#  on  a  polarised  elaotrod#* 

Th#  titration  v#tt«l  (Figur#  19)  it  a  250-oubie  o#ntim#t#r  wide-mouthed 
•xtraotlon  fl.ask  having  a  hoi#  in  th#  tid#  near  th#  neok.  i  two-hol#  rub¬ 
ber  stopper  carries  into  th#  flask  two  glatt  tubes  into  whioh  are  t#al#d 
th#  two  eleetrodes,  in  this  oat#  stout  platinum  wires  (0.1  i/voh  thiok)  with 
circular  loops  at  th#  ends  to  inorease  the  area  exposed  to  tlho  liquid. 
Circular  loops  ar#  ut#d  beoause  they  hr#  rugged  and  not  disturbed  by  agita¬ 
tion  of  th#  liquid.  A  potential  of  90  to  40  millivolts  is  applied  to  the 
electrodes,  This  it  readily  obtained  by  oonneoting  suitable  r#ii#tort  - 
•*g.,  30,000  and  1,000  ohms  -  in  t#ri#t  aorott  1,6-volt  dry  o#ll  and  piok- 
ing  off  th#  voltag#  aorott  th#  resietdr  of  low#r  valu#,  A  Subloon  3402  - 
H.H,  with  an  Ayrton  shunt  galvanometer  it  oonn#ot#d  in  ##ri#t.  A  lost 
isntitive  type  may  alto  b#  sufficient, 

Fifteen  grams  of  potasiium  iodid#  ar#  dissolved  in  76  milliliters  of 
buffer  tolution  (equal  volumes  of  0,025  N  ditodlum  hydrogen  phosphate  and 
0,025  N  potassium  dihydrog#n  phosphate),  Th#  solution  is  introduced  into 
th#  titration  flasks,  th#  #l#otrod#s  ar#  inserted  and  th#  liquid  is 
swirled  vigorously  over  them,  Following  an  initial  kiok  th#  galvanometer 
will  return  to  s#ro  if  no  iodine  is  present  beoause  polarisation  of  the 
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electrodes  will  prevent  peieage  of  current.  Preeenoe  of  an  oxidising 
agent  such  ai  iodine  removes  the  polarising  hydrogen  from  the  oathode  and 
ourrent  flows*  Addition  of  thiosulfate  (through  the  hole  in  the  side  of 
the  flask)  until  the  iodine  is  removed  restores  the  polarised  state  and  re¬ 
turn*  the  galvanometer  deflection  to  sero*  The  reagent  will  usually  re¬ 
quire  the  addition  of  two  to  five  drops  of  0*002  N  thiosulfate  to  bring 
this  about* 

After  the  osone  run,  the  iodide  solution  containing  the  iodine  is  plaoed 
in  the  titration  vessel  and  thiosulfate  is  added  until  a  barely  perceptible 
yellow  remains,  then  the  electrodes  are  inserted  and  thiosulfate  is  added 
drop  by  drop  at  intervals  until  no  deflection  is  obtained,  the  liquid  being, 
vigorously  swirled  meanwhile*  The  liquid  is  then  returned  through  the  trap 
to  rinse  the  apparatus  and  the  titration  is  completed*  One  cubic  centimeter 
of  0*001  N  thiosulfate  represents  0*0112  cubic  centimeter  of  osone  at  stand¬ 
ard  temperature  and  pressure*  ,/ 

A  little  difficulty  may  be  encountered  at  first  in  identifying  the  end 
point  to  within  one  drop  of  thiosulfate  solution  at  this  low  oonoentration* 
It  will  be  found  easier  if  the  titration  is  made  to  a  small  residual  de¬ 
flection  of  the  galvanometer* 

C-, 

Neither  the  form  nor  dimensions  of  the  apparatus  desoribed  are  critioal* 
Duplicate  apparatus  reproduces  results  within  -  five  per  oent,  which  is 
good  enough  at  these  low  concentrations*  It  has  been  found  that  reducing 
the  concentration  of  the  potassium  iodide  solution  below  20  per  cent  gives 
low  results*  The  system  desoribed  passes  about  0*3  oubio  meter  of  air  per 
hour,  but  this  can  be  controlled  by  changing  the  sise  of  the  air  jet,  C* 

With  a  given  jet  there  nay  be  considerable  leeway  in  the  sise  of  the  oapil- 
lary  nossle.  The  criterion  is  to  obtain  a  reaction  vessel  filled  with  a 
mist  of  reagent* 

It  is  important  to  remember  that  potassium  iodide  in  solution  is  photo- 
ehemically  oxidised  to  iodine  in  the  presenoe  of  light,  even  in  neutral  or 
alkaline  solution*  Therefore,  titration  must  not  be  conducted  in  bright 
daylight  and,  during  the  osone  test,  the  absorption  apparatus  must  be  en¬ 
closed  in  a  dark  box*  !,{ 

Hie  0*002  N, thiosulfate  solution  should  be  standardised  at  frequent 
intervals,  because  dilute  solutions  of  thiosulfate  lose  strength  through 
oxidation*  Since  iodine  is  volatile,  some  will  be  vaporised  and  oarried 
away  in  the  exhausted  air,  therefore,  a  correction  must  be  applied  to  the 
result  obtained.  The  per  cent  loss  with  tine  is  shewn  in  Figure  20. 

Investigations  by  various  workers  (21,61,105,219)  indioate  that  in  the 
method  described  very  little  interference  due  to  other  gases  or  oxidising 
agents  in  the  air  is  to  be  expsoted* 


A  simple  osona  matar  utilising  a  rubbar  band  and  a  calibrated  soala  has 
bean  developed  (37,52) .  When  the  rubber  band  is  exposed  to  minute  amounts 
of  osone,  it  loses  its  elasticity*  The  rate  of  loss  of  elasticity  gives  a 
measure  of  the  amounts  of  osone  in  the  air*  An  osone  concentration  as  loir 
as  0*01  ppm  by  volume  can  be  estimated  by  this  method*  This  osone-rubber 
band  method,  however,  requires  carsful  standardisation  because! 

(a)  Osone  ,1m  not  the  only  oxidising  gas  which  will  attack  rubber, 

(b)  the  reaction  depends  upon  the  formulation  of  the  rubber,  and 

(c)  the  reaction  to  osone  is  a  function  of  the  stress  plaoed  on 
the  rubber  band* 

Other  methods  of  analysis  of  osone  which  have  been  studied  from  time  to 

time  are i 

(a)  Reaction  of  osone  with  aldehydes  followed  by  oxidation  to  aoids 

(b)  photometric  methods  depending  on  the  aetlon  of  osone  to  oreate 
or  destroy  fluorescence, 

(c)  reaction  of  osone  with  potassium  permanganate,  sodium  nitrite 
and  other  chemicals,  and 

(d)  optical  determination  of  osone  with  infrared  or  ultraviolet 
radiation* 

Methods  for  osone  determination  up  to  the  year  1004  are  oonvenlently 
outlined  in  the  bibliography  by  Thorp  (207)* 


C.  OZONE  IN  THE  ATMOSPHERE 

The  presence  of  osone  in  the  atmosphere  was  noted  at  least  178  years 
ago*  It  was  identified  as  an  ojqrgen  compound  and  named  osone  by  Sohonbein 
in  1840*  Short-wave  UV  radiation  in  the  stratosphere  is  responsible,  by 
photochemical  action,  for  the  formation  of  atmospheric  osone  (49),  The 
.  reaction  is  one  of  equilibrium  because  UV  also  oatalyses  the  breakdown  of 
osone  to  oxygen  (3  Og  2  Og) *  The  reaction  ooours  at  a  height  greater 
than  30  kilometers  and  requires  radiation  shorter  than  2000A.  The  final 
atnospherio  osone  concentration  depends  not  only  upon  the  equilibrium  re¬ 
action,  but  also  on  the  presenoe  of  oxidisable  matter  suspended  in  the  air 
and  contact  with  surfaoes  to  oause  catalytic  decomposition.  The  total 
amount  of  osone  in  the  atmosphere  is  said  to  be  equivalent  to  a  layer  about 
0*21  oentimeter  thick  at  STP.  Figure  21,  from  Crabtree  and  Kemp  (61)  gives 
the  osone  variation  at  different  latitudes*  Sinoe  radiation  of  below  wave 
length  2000A  is  not  found  in  the  lower  atmosphere,  osone  is  produced  at 
high  altitudes  only,  and  is  brought  into  the  habitable  sone  by  diffusion 
and  convection* 


TOTAL  OZONE  IN  MILLIMETERS  OF  GAS 
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The  Amount  of  osone  present  in  the  air  at  tha  aurfaoa  of  tha  aarth  it 
known  to  ba  quita  variable,  although  praoiaa  and  aoourata  information  aaama 
to  ba  lacking.  Accurata  measurements  hava  nacaaaarily  dapandad  upon  devel- 
opmant  of  adequate  mathoda  for  aampling  oaona  (Maaauramant  of  Oiona ,  page 

74.). 

It  haa  boon  stated  that  oaono  la  not  present  in  tha  air  of  large  in¬ 
dustrial  cities.  Thorp  (285)  states  that  this  is  not  true  and  that  appre¬ 
ciable  amounts  are  present »  Table  XVXII  shows  average  oaone  concentrations 
found  in  several  cities.  Figure  22,  reproduced  from  Crabtree  and  Kemp, 

(51) ,  shows  the  osone  concentrations  at  Hurray  Hill,  New  Jersey,  over  a 
period  of  one  year.  The  day-by-day  irregularity  caused  by  weather  condi¬ 
tions  is  significant.  Huntington  (157)  points  out  that  tha  normal  osone 
concentration  in  some  parts  of  the  world  frequently  exceeds  one  ppm  per 
weight.  In  discussing  atmospheric  osone,  Crabtree  and  Kemp  (5l)  call  at¬ 
tention  to  the  apparent  influence  of  meteorological  conditions*  High  osone 
values  are  found  on  windy  daysj  low  osone  is  found  on  calm  days  when  the 
winds  are  predominantly  from  a  westerly  direotion  (in  New  Jersey).  Hinds 
from  the  East  give  low  osone  concentrations*  Highest  osone  values  are  ob¬ 
tained  in  late,  summer.  There  is  no  difference  between  the  osone  content  of 
the  air  during  the  day  as  compared  with  night,  weather  conditions  being  the 
same. 


TABLE  XVm  .  AVERAGE  ATMOSPHERIC  OZONE  CONCENTRATIONS 


LOCATION 

AVERAGE  OZONE  CONCENTRATION 

REFERENCE 

Murray  Hill,  N,  J, 

0.05  ppm/wt 

Crabtree  It  Kemp 
(51)  1946 

Chicago,  Illinois 

0*01  to  0.18  pps/wt 

Thorp  (285)  1980 

Los  Angeles,  Calif. 

0.03  to  0.35  ppm/wt 

Bartell  and  Temple 
(21)  1952 

London,  England 

0.02  to  0.06  ppm/wt 

Stanford  Research 
Inst.  (275)  1964 

College,  Alaska 

0.059  ppi/wt 

it 

Detroit,  Mich. 

0.026  ppm/wt 

n 

Los  Angeles,  Calif* 

0*2  to  0.4  ppm/wt 
(during  smog) 

it 
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Reports  by  Stanford  Raaaaroh  Znatituta  (275)  and  others  in  eonnaotion 
with  tha  anog  problam  in  Loa  Angaloa  oounty  giva  furthar  diaouaaion  of  at- 
moapharic  osone. 

Summarising,  it  may  ba  atatad  that  oaona  ia  praaant  in  tha  air  naar  tha 
aurfaoa  of  tha  earth,  sometimes  in  oonoantrationa  as  high  aa  1,0  ppm  par 
weight,  but  more  often  in  oonoantrationa  from  0,01  to  0,35  ppm  par  weight 
or  approximately  0,05  ppm  par  waight. 


D.  TOXIC  LIMITS  OF  OZONE 

Unfortunately,  literature  dealing  with  tha  toxic  limita  of  oaona  ia  ex¬ 
tremely  inconsistent  and  rather  oonfuaing.  However,  a  clearer  understanding 
of  tha  aituation  haa  bean  made  poaaibla  in  raoant  yaara  aa  aome  of  tha 
limitations  of  earlier  work  have  bean  explained,  Tha  oft  quoted  introduc¬ 
tory  remarks  of  Thorp  (285)  are  appropriate  for  this  discussion, 

"Webstar  defines  tha  word  'toxicity'  aa  'the  degree  of  poiaonnaaa,' 

To  state  tha  toxicity  of  a  substance,  however,  does  not  necessarily  imply 
that  tha  aubatanca  ia  a  poison  inasmuch  aa  all  substances  are  toxic  to  tha 
human  body  if  taken  in  excess  of  normal  human  toleranoe.  For  example, 
ordinary  table  salt  is  beneficial  in  small  quantities,  but  an  excosa,  over 
a  long  period  of  time,  can  produce  very  harmful  results,  Araenic,  normally 
classed  aa  a  poison,  may  also  be  cited  as  another  example  inasmuch  aa  it  ia 
often  given  in  small  amounts  for  the  sake  of  certain  benefioial  reactions. 
The  toxicity  of  a  substance,  therefore,  must  be  deaoribed  with  reapeot  to 
the  maximum  allowable  'dosage'  per  unit  time.  If  the  human  body  ia  capable 
of  eliminating  small  quantities  of  a  substance  within  a  comparatively  short 
period  of  time,  small  dosages  of  the  substanoe  may  be  tolerated  continually 
even  though  it  may  normally  be  considered  a  poison.  If,  however,  the  body 
has  difficulty  In  eliminating  the  substanoe,  toxic  effeots  nay  result  from 
long  exposure  to  what  is  normally  considered  a  non-toxic  concentration, 

Osone  falls  in  the  former  class  of  compounds,  whereas  oarbon  monoxide  may 
be  classed  as  an  axampla  of  the  latter  type  substance," 

"Gases  may  also  be  classed  as  irritants  or  non-irritants,  Irritant 
gases  are  so  called  because  their  first  reaction  is  generally  on  the  skin, 
mucous  membrane,  or  tissues  of  the  nose  and  throat)  whereas  non-irritant 
gas  usually  requires  absorption  in  the  lungs  before  toxio  results  appear, 

In  general,  it  may  be  stated  that  the  non-irritant  gases  are  more  dangerous 
because  the  toxic  limit  may  be  exceeded  before  a  physical  result  on  the 
human  body  is  noticeable.  Boron  trichloride,  chlorine,  dimethyl  ether, 
ethylamine,  ethylene  oxide,  and  osone  may  be  given  as  examples  of  various 
degrees  of  irritant  gases)  and  carbon  monoxide  and  methyl  chloride  as  ex¬ 
amples  of  non-irritant  gases," 
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In  order  to  demonstrate  tho  many  different  oione  ooncentratione  which 
have  been  reported  to  have  or  not  to  have  physiological  effects  on  humane 
or  animals i  a  few  of  the  many  references  available  have  been  used  to  com¬ 
plete  Table  XIX*  Each  authors'  designation  as  to  effeot  and  oione  concen¬ 
tration  is  listed* 


TABLE  XIX.  PHYSIOLOGICAL  EFFECTS  OF  OZONE 


OZONE 

CONCENTRATION 

EFFECT  REPORTED 

AUTHORS 

1  ppm/vol 

Nontoxic  to  school  children 

Bass  (22)  1918 

1  to  10  ppm 

Death  of  dogs  and  rabbits 

Jordon  et  al  (168)  1913 

18  to  20  ppm 

r, 

Death  of  test  animals,  2-3 
hours 

SohneokeSberg  (268)  1916 

1*0  ppm 

MAC* 

Hill  It  Aeberly  (146)  1921 

0.8  ppm 

MAC  0 

Henderson  k  Haggard  (137) 
1936 

Hitheridge  k  Yaglou  (320) 
1939 

0*01  ppm/vol 

Detect  by  smell 

0*01  ppm/vol 

Irritating  to  nose  and  throat 

N 

0*04  ppm/vol 

MAC 

n 

00  ppm 

Nontoxic 

Hill  (148)  1942 

1  ppm 

MAC 

Dalla  Valle  (56)  1948 

1.0  ppm 

MAC 

Silverman  (269)  1947 

50  ppm/wt 

Nontoxio  in  short  periods 

Thorp  (287)  I960 

20  ppa/wt 

MAC 

Thorp  (217)  1980 

4  ppm/wt 

Nontoxio  over  long  periods 

Thorp  (227)  1980 

1*0  ppm 

MAC 

Ewell  (82)  1981 

0*1  ppm 

MAC 

Van  Atta  (291)  1981 

0.1  ppm 

MAC 

American  Medioal  Associ¬ 
ation  (6)  1988 

«  MAC  ■  Maximum  allowable  concentration* 

One  of  the  most  common  methods  for  the  generation  of  oione  for  medioal 
or  experimental  purposes  is  the  use  of  osonisers*  Thsse  machines  use  a 
"brush"  discharge  between  high  potential  electrodes  separated  by  air  or 
oxygen*  The  output  of  the  machine  is  influenced  by  the  density  of  the  cur¬ 
rent,  the  souroe  of  oxygen  (air  or  pure  oxygen)  and  the  relative  humidity 
(for  air  only)*  Air  is  generally  used  as  the  souroe  of  oxygen  for  air  con¬ 
ditioning  and  general  sanitation  or  for  odor  control  purposes*  Cylinders 


of  oxygon  art  usually  omployod  by  modical  Investigators,  Osonisors  product 
purs  osont  only  whan  purs  oxygon  is  utilised  (221),  Conditions  of  high 
voltage |  high  humidity,  and  the  use  of  air  nay  result  in  the  produotion  of 
oxides  of  nitrogen,  even  in  exoess  of  the  amount  of  osone  produoed  (284)* 
The  difference  between  the  smell  of  pure  osone  and  osone  oontanlnated  with 
oxides  of  nitrogen  was  described  as  the  differeneo  between  clover  or  "new- 
mown  hay"  and  chlorine  or  ammonia  (286)* 

As  early  as  1913,  Von  Xupffer  (293)  and  Csaplewski  (64)  mentioned  the 
harmful  effects  of  nitrogen  oxides  in  osone*  However,  supporting  evidenoe 
was  lacking  until  1941  when  Thorp  (284)  demonstrated  how  the  toxioity  was 
influenced  by  the  osone  source  and  suggested  that  mixtures  of  nitrogen 
oxides  and  osone  were  more  toxic  than  osone  alone*  Hill  (146)  in  1942  con¬ 
firmed  this  supposition  by  using  pure  osone  and  repeating  experiments  done 
in  1921  (148)  with  mixtures  of  osone  and  oxide  of  nitrogen  mixtures* 

Thorp  (286)  reviewed  the  situation  in  1960,  evaluating  the  toxic  limits 
given  by  various  investigators  on  the  basis  of  the  purity  of  the  osone  used 
and  came  to  the  following  conclusions! 

i 

(a)  osone  containing  nitrogen  oxides  is  toxio  and  exposure 
to  concentrations  of  over  1*6  parts  per  million  by  weight  for  long  periods 
of  time  may  be  considered  definitely  detrimental  to  humans," 

(b)  "Up  to  four  parts  per  million  (of  purs  osone)  may  be  classified 
as  the  'non- symptomatic  region',  i*o*,  a  worker  expoeed  to  eonoentrations 
in  this  range  experiences  no  physical  offsets  except  odor.  Several  defir 
nite  physiological  changes,  however,  ooour  in  this  regioni  namely,  a  de¬ 
creased  BMR  and  lowered  pulse  rate*" 

(c)  "Osone  concentrations  as  high  as  80  pps^wt  for  short  periods  of 
time  have  no  irritating  physical  effect  although  there  ooours  a  symptom 
termed,  substernal  pressure*" 

(d)  "Twenty  ppV*t  of  osone  in  air  is  non-toxio*" 

Xn  regard  to  the  poisonous  nature  of  osone,  Hill  (146)  states,  "pure 
osone  is  slot  poisonous  in  any  sense  of  the  word  as  it  breaks  down  in  con¬ 
tact  with  the  mucous  membranes  and  only  oxygen  remains*  Vbr  this  reason, 
there  are  no  cumulative  effects  and  osone  may  be  breathed  for  long  periods 
of  time  without  harm,  provided,  of  course,  that  the  immediate  irritations 
of  strong  concentrations  is  avoided," 

Concentrations  of  osone  believed  to  be  injurious  to  man  were  listed  by 
Sollman  (273)  and  Elford  and  Van  de  Rnde  (73)  as  follows! 
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CONCENTRATION 

m 


EXPOSURE  TIME 


EFFECT 


0,04 

long  time 

safe 

0,08 

long  tiaa 

irritation  of  throat 

0, 3-0,6 

long  tiaa 

respiratory  irritation 

1.0 

16  minutes 

affaots  Oj  use  and  COg 
output 

10 

sore  throat 

5-10 

short  time 

fatigue,  drowsiness 

8-10 

long  time 

pulmonary  edema, 
pneumonia 

'n 


At  the  Araour  Research  Foundation  tha  following  LDgo'a  were  determined 
for  aniaala  during  an  exposure  tiaa  of  three  hourai 

Mioa  and  rata  20  ppa  oaona 

Rabbits  and  eats  31  ppa  oaona 

Guinaa  pigs  80  ppa  oaona 

i»  "  1  .N 

In  tha  past,  it  was  ooaaon  praetiea  to  express  tha  aaadaua  allowabla 
oonoantration  for  osona  as  ona  ppa  par  voluaa  (1«66  ppa/wt)  in  air,  although 
soaa  fait  this  anount  was  too  high  (201)*  In  spits  of  tha  laok  of  agrssasnt 
aaong  vorkars  in  this  fiald  it  appaars  car tain  that  osona,  fraa  froa  nitro- 

gan  oxidas,  is  not  as  toxie  as  onoa  supposed,  Basil  (82)  quo tad  sararal 

organisations  who  aeeaptad  this  figure,  Tha  1988  aeeting  of  tha  Aasrioaa 
Confaranoa  of  Oovarnasnt  Industrial  Hygisnist  sat  tha  thrashold  limit  for 
osona  at  0,1  ppa  par  volume  or  0*2  milligram  par  oubio  meter  of  air  (8), 

Millar  and  Ehrlich  (211)  reoently  studied  tha  susceptibility  of  ales  and 
hamsters  to  respiratory  infaotion  with  ICLsbsiolla  pneumonias  following  ex¬ 
posure  of  tha  anlaals  to  ona  to  four  ppa  osona  /or  various  periods  of  tiaa. 
Under  tha  eonditions  of  their  tests  pra-oiona  treatment,  in  every  instance, 
lowered  the  respiratory  LDgo  doss. 

Recently,  a  number  of  aniaal  studies  have  bean  made  on  tha  toxicity  of 
osona  and  on  aathods  of  therapy,  While  these  will  not  be  reviewed  in  de¬ 
tail,  aost  substantiate  tha  reasonableness  of  tha  present  allowable  oonoan¬ 
tration  of  0,1  ppa. 


E,  PRODUCTION  OF  OZONE  BY  UV  LAMPS 

O 

Soaa  low  pressure,  aeroury  vapor,  UV  laaps  produoe  a  measurable  amount 
of  osona,  Tha  type  of  glass  used  to  make  tha  tuba  determines  tha  amount  of 
UV  radiation  below  2000A  which  will  be  emitted  and  consequently  tha  aaouat 
of  osona  produced,  UV  lamps  are  usually  designated  as  high,  or  negligible 
osona  produoers,  Souroas  of  infornation  giving  precise  amounts  of  osona 
produoed  by  UV  lamps  appear  to  be  limited. 


o 
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Tha  amount  of  osona  producad  by  UV  lamps  daoraaaas  aftar  tha  first  100 
hours  of  uss,  aftar  tha  glass  has  bs«n  saasonsd.  It  has  bsan  shown  (810) 
that  if  tha  ooaosntration  and  dsoonposition  eosffioisnts  (pags  74)  ars 
known  i  tha  amount  of  osona  gensratsd  by  a  lamp  can  bs  oaloulatsd.  Nagy 
givss  tha  following  sxampls  ".....  if  ws  assums  tha  oiona  ooaosntration  ia 
0.06  ppm/vol  in  a  room  10  x  10  x  10  ft  or  1000  oubio  fasti  tha  amount  of 
osona  would  ba  0.00012  gram  par  oubio  matar,  or  a  total  of  0.00018  x  26.83, 
or  0.00336  gram/1000  ft3*  Multiplying  this  by  tha  daoomposition  ooaffi- 
oiant  wa  havai 


0.23  x  0.00336  >  0.000877  gm/min 
■  0.0586  gm/hr 

To  oaloulata  tha  ppm/voluaa,  if  wa  hava  tha  grama  par  hourt 

ppm/vol  ■  °3  in  P1—  x  10°0  « 

8  x  0.83  x  60  x  M3 

Tha  avaraga  osona  output  of  savaral  typaa  of  UV  lamps  has  baan  dstar- 
minad  using  tha  mathod  of  Crabtraa  and  Ksmp  (61)  with  tha  following  rs- 
sultai 


ML-794  -  L  UV  Lamp 

0.01  g^/hr 

o.i  ppm/wt/aac  ft3  „ 

0.06  ppm/vol/280  ft3 

ML-762  -  H  -  30  UV  Lamp  (Cold  oathoda) 

0.2  fs/hr 

0.42  ppm/wt/1000  ft3  ■  0.26  ppm/vol 
0.1  ppm/wt/4200  ft3  ■  0.06  ppm/vol 

JfL-782  ■  l  -  30  PV  Lamp  (Cold  oathoda) 

0.023  gm/hr 

0.1  ppm/wt/800  ft3  „ 

0.06  ppia/vcl/BOO  ft3 

NL-782  -  H  -  10  UV  Lamp 


0.22  gm/hr 

0.47  ppm/wt/1000  ft3  ■  0.28  ppm/vol 
0.1  ppm/wt/4700  ft3  ■  0.06  ppm/vol 
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Tha  above  determinationa  war*  made  in  a  1780-oubio  foot  room  with  aaoh 
lamp  hung  in  the  geometric  oantar  of  tha  room  without  any  anoloaing  fixtura, 
Placing  tha  lampa  in  fixturee  will  raduoa  tha  oaona  by  a  faotor  of  one-half 
to  ona-tanth*  Proxiaity  of  a  laap  to  aurfaoaa  aueh  aa  calling,  duct  walla, 
ate*,  will  raduoa  tha  oaona  output  furthar*  For  thaaa  raaaona,  tha  abova 
data  cannot  aubatituta  for  actual  practical  determinationa  if  tha  aaount  of 
oaona  praaant  at  a  particular  inatallation  ia  daairad* 


F.  GEBMXCIDAL  ACTIVITY  OF  OZONE 

1*  Surface  and  Air-Soma  Microorganiame 

A  review  haa  bean  aada  of  aoma  of  tha  article#  and  abatraote  avail¬ 
able  dealing  with  tha  germioidal  activity  of  oaona*  Thera  appeare  to  be 
conaidarabla  diaagraement  aaong  inveatigatora  concerning  ooncantrationa  and 
axpoaura  tinea  nacaaaary,  Thia  laok  of  agreement  ia  probably  tha  raault  of 
the  uaa,  in  many  eaaea,  of  iapura  oaona  preparation ,  faulty  oaona  gener- 
atora,  or  inadequate  nathoda  of  naaauranant*  Thaaa  faotora  are  diaouaaad 
elaewhere*  In  thia  review  an  attanpt  haa  bean  aada  to  aalaot  notarial  where 
tha  action  of  apecifie  aaounta  of  oaona  are  given* 

Tha  oaona  concentration  geraicidal  for  Aohronobactar  wae  found  to 
be  about  300  ppn  par  volume  at  20°C  and  10  to  100  ppai  par  voluna  at  0°C  (111), 
Ewell  (82),  however,  obaarvad  that  at  a  given  oaona  concentration  about  tha 
earn  lethal  affact  occurred  at  4°C  aa  at  2C9C»  Hainan  (112)  indicated  that 
Paeudononaa  and  Aohronobactar  ware  nora  raaiatant  to  oaona  then  Staphylocoooi , 
Proteua,  Bacillue  aubtilia  or  Bacillua  noaontorioua.  Bacteria  auapandad  in 
water  (1  x  lb*  cella  par  nl)  ware  ateriliaed  in  two  houra  by  100  ppn  par 
voluna  oaona*  Hainan  (111)  found  that  about  equal  amount a  of  oaona  ware  re¬ 
quired  to  inhibit  tha  growth  of  nolda  and  bacteria  growing  on  agar  platan* 
Between  10  and  1000  ppm  par  volume  ware  required  depending  upon  temperature, 
humidity,  medium,  and, tha  age  of  tha  culture*  Tha  atoraga  of  agga  in  three 
ppm  par  volume  oaona  in  air  markedly  inhibited  mold  growth  and  oauaad  no 
"off- flavor a,"  In  an  atmoaphara  of  high  humidity,  Ewell  (82)  reported  that 
an  oaona  concentration  of  0*6  ppm  par  volume  in  tha  air  within  egg  oaaaa 
would  prevent  tha  growth  of  molda  on  agga*  Hold  growth  on  meat  waa  prevented 
by  maintaining  about  1*5  ppm  oaona  in  a  atorage-room  atmoaphara* 


According  to  atudiaa  by  Oieee  and  Chricteneen  (101) ,  a  concentration 
of  0*04  ppm  oaona  ia  adequate  to  inactivate  aeroeole  of  Stroptooocoua 
aalivarioua  and  Staphyloooccua  album ,  although  concentration!  up  to  330  ppm 
ware  required  to  kill  TTioiliue  protUltloaua  on  a  eurfaoe  or  in  blood  aarum* 
Hailing  and  Seupin  (134)  atated  taut  fungal  aporaa  ware  more  eueoeptible 
than  bacteria  to  tha  lethal  action  of  oaona*  Sporee  of  four  mold  apaoiao, 
however,  ware  found  by  Lea  (182)  to  be  oapabla  of  germination  after  axpoaura 
to  400  ppm  of  oaona  for  10  to  IB  houra,  but  ware  killed  in  20  houra* 
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Osone,  at  concentration!  ai  low  a§  0.025  ppm,  has  boon  shown  to  bo 
capable  of  killing  organism  at  a  relative  humidity  of  60  to  90  per  oent 
(73).  Watson  (298)  mentioned  a  reduotion  of  fungus  spores  and  apple-rot 
disease  by  adding  osone  to  the  air  of  an  apple  storage  room.  The  growth 
of  organisms  on  meat  was  found  by  Mallmann  and  Churchill  (200)  to  be  re¬ 
tarded  by  0.1  ppm  osone.  The  control  of  mold  upon  oheddar  cheese  during 
ripening  with  1.0  ppm  osone  has  been  mentioned. 

Experiments  on  the  application  of  osone  for  the  sterilisation  of 
spun  glass  filter  media  have  been  conducted  at  Amour  Research  Foundation 
(15).  When  sections  of  50  FG*  spun  glass  were  inooulated  with  up  to  300 
spores  of  Bacillus  subtills  var*  niter  per  square  centimeter  and  exposed 
statically  or  dynamically  io  0.02  or  6.5  per  cent  osone,  sterilisation  of 
the  media  did  not  occur  at  room  temperature  after  exposures  for  as  long  as  •» 
six  hours.  It  was  concluded  that  osone  did  not  have  the  penetrating  prop¬ 
erties  for  treatment  of/this  type  of  filter  media* 

°  .  . 

A  review  by  Weaver,  in  1951  (299),  cited  references  which  Indicated 
that  bacteria  were  difficult  to  destroy  with  osone,  even  at  high  concentra¬ 
tions.  Nagy  (221)  has  criticised  the  inadequate  techniques  used  by  several 
workers  cited  in  Weaver’s  references  (165,264).  Original  experiments  by 
Nagy  gave  the  following  results t 

(a)  The  presence  of  osone  in  a  concentration  of  five  ppm,  in  a 
:'%jf  duct  of  an  air  conditioning  system,  showed  no  baoterioidal  notion  beoause 

of  the  low  humidity  and  short  exposure  time. 

(b)  Osone  concentrations  from  0.05  to  0.1  ppm  per  weight  in 

refrigerators  showed  germicidal  notion  against  laQk&mhia  soli  and  Peni- 
cillium  ilaticum  on  near  plates  when  exposure  times  from  24  to  84  hours 
wrTuseJr- - 

(c)  At  20°C  and  with  an  exposure  time  of  20  to  22  hours,  from 

90  to  100  per  cent  of  the  inoculum  of  I.  coli  on  open  Petri  dishes  were 
inactivated  by  0.1  ppm  per  weight  osone.  ^ 

There  is  no  doubt  that  abundant  moisture  is  essential  for  the  bac¬ 
tericidal  reaction  of  osone.  Also,  there  oan  be  no  doubt  that  osone  oan 
inactivate  microorganisms  if  sufficient  concentrations  are  used  for  the 
correct  exposure  times.  Unless  these  special  conditions  are  established, 
traces  of  osone  probably  exert  very  little  germicidal  power.  Osone  pro- 
.  duced  by  low  pressure  germicidal  UV  lamps  designated  as  low  osone  producing, 
probably  will  show  no  detectable  germicidal  effects  because  of  the  low 
penetration  and  short  half-life  of  osone* 

Wheeler  (316)  installed  oeiling  germicidal  lamps  in  Naval  barracks 
and  reported  that  very  little  osone  could  be  detected  after  the  first  50 
hours  of  use.  Using  a  30-watt  germioidal  lamp  in  a  2500-oubio  foot  room 


e  American  Air  Filter  Co.,  Louisville,  Kentucky. 
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Luckieah  (iflB) ,  In  a  aeriea  of  atudioa  on  oiono  production,  found  that  tha 
equilibrium  concentration  of  oiona  ia  lata  than  0*1  ppm  if  thara  ia  tha 
slightaat  degree  of  ventilation.  Hollar  (174)  atatad  that  tha  eoncentra- 
tiona  of  oiona  produeed  by  garmioidal  lampa  do  not  kill  dry,  air-borne 
organiema. 

In  biological  inatallationa ,  oara  ahould  ba  taken  that  only  low- 
oiona  producing  DV  lanpa  are  uaed, 

2.  Mioroorganiama  Suapandad  in  Liquid 

Invaatigationa  of  tha  garmioidal  notion  of  oiona  gaa  go  back  aa  far 
aa  1892  when  Ohlmuller  (228)  danonatrated  tha  inactivation  by  thia  gaa  of 
tha  etiological  aganta  of  typhoid  fever,  oholara,  and  anthrax.  Ohlmuller 
realiied  that  organie  material  in  water  had  an  oiona  demand  to  ba  aatiafiad 
before  inaotivation  of  organiama  oould  proceed,  In  1895  Van  Ermengem  (292) 
atudlad  tha  rapid  inaotivation  of  aavaral  typaa  of  baetarial  aporaa  and 
E,  coll  aa  wail  aa  inaotivation  of  a  dilution  of  tetanua  toxin  by  oaona. 

He  alao  noted  imprevemente  in  tha  oolor,  taata,  and  odor  of  oioniied  water. 

In  1899  Calmette  at  al  (41)  atudiad  tha  killing  of  miorobaa  in  water  by  tha 
action  of  oiona  for  3Re  city  of  Lille,  franca,  A  variety  of  other  referenoea 
are  available  deaoribing  procedural  for  treating  municipal  water  auppliee 
in  frame  and  other  European  oountriaa  with  oiona. 

In  thia  eountry  Smith  and  Bodkin  (270)  evaluated  tha  influanoa  of 
pH  on  the  garmioidal  action  of  ohlorina  and  oiona.  With  reeidual  oiona  at 
a  concentration  of  0,13  to  0,2  ppm,  a  riaa  in  pH  naoaaaitatad  a  elightly 
inoraaaad  expoaure  time  to  obtain  aterility,  Keaael  at  al  (170)  claimed 
that  oiona  waa  many  tinea  more  affective  than  ohlorina  iliTinaotivating 
poliomyelitic  virua.  Othara  have  made  aimilar  atudiaa  (249),  In  1944 
Keaael  at  al  (171)  found  that  0,3  ppm  oiona  reaidual  in  water  waa  faatar  in 
lta  garSToISal  notion  than  0,5  to  1,0  ppm  chlorine. 

In  liquidi,  oiona  haa  bean  found  to  be  an  effeotive  germicidal 
agent  if  uaad  under  controlled  condi tiona.  Water  in  tha  municipal  ayatama 
of  London,  Berlin  and  Faria  haa  bean  treated  with  oiona  for  many  yeara, 
and,  in  thia  oountry,  Hobart,  Indiana;  Whiting,  Indiana;  and  Philadelphia, 
Fennaylvania  uaa  oaone-treated  water  (287),  It  haa  bean  atatad  that  there 
are  a  total  of  136  municipal  water  plante  in  which  oiona  ia  employed,  earr¬ 
ing  approximately  8,000,000  people,  Oiona  ia  uaually  added  to  water  by  an 
air  jet  oontaining  2,6  to  5  grama  of  oiona  par  oubio  mater  of  water.  Con¬ 
tact  time  ia  uaually  3  to  5  minutea.  Pretreatment  of  tha  water  ia  neoea- 
aary.  Although  oiona  doaa  not  introduce  an  odor  or  taata  problem  in  potable 
water  ayatama  and  ia  aaid  to  be  more  effeotive  than  ohlorina  againnt  oertain 
microorganiena ,  it  lacka  the  reaidual  effeet  typical  in  ohlorinated  watera. 
Although  the  effect  of  reaidual  chlorine  in  caae  of  pollution  of  a  water 
eyatem  haa  been  queetioned  from  time  to  time,  there  haa  been  no  indication 
of  wholeaale  acceptance  of  oiono  aa  the  preferred  water  eteriliiing  agent. 
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A  recent  study  by  Millar  at  al  (212)  showed  that  raw  sewage  highly 
contaminated  with  infaotioua  microorganisms,  including  sporai ,  botulima 
toxin  i  and  influensa  virus  could  ba  affactivaly  starilisad  with  osona, 
Concantrationa  batwaan  100  and  200  ppm  wara  uaad,  A  total  of  90  minutes 
exposure  was  raquirad  to  obtain  sterility,  but  a  99,9  par  cant  raduction 
was  sffactad  in  five  minutas.  Most  of  tha  osona  could  ba  recovered. 

In  1954  Dickerman  at  al  (64)  showad  that  axpoaura  of  spora  forming 
organisms  in  watar  to  l,ii  ppm  of  osona  causad  complain  inaotivation  of  tha 
sporas  in  fiva  minutas,  Tha  initial  inoculum  was  70,000  organisms  par  mil¬ 
liliter  of  watar*  Saw  straam  watar  with  low  organic  contant  was  starilisad 
in  fiva  minutas  with  two  ppm  of  osona, 

In  Switsarland,  in  a  modarn  soft  drink  factory,  bottlas  are  stari¬ 
lisad  by  introducing  air  containing  30  milligrams  par  litar  of  osona  for  a 
period  of  15  to  20  saconds  (289), 

It  is  claar  that  osona  is  an  sxeallant  starilising  agant  for  many 
liquids,  including  drinking  watar,  swimming  pool  watar,  and  aawaga,  Lika 
any  othar  disinfactant,  its  usa  raquiras  a  thorough  undarstanding  of  its 
limitations  and  tha  proper  methods  of  application.  Although  it  has  never 
bean  dona  on  a  practical  scale,  it  is  probable  that  osona  could  ba  used  to 
0  sterilise  infectious  affluents  from  infeotious  disease  laboratories  and 
hospitals, 

3,  Medical  Uses 

Many  applications  of  osona  have  bean  triad  in  medieal  and  dental 
rasaaroh,  including  tha  injection  of  osona  or  osona  mixtures  into  the  blood 
stream ,jfistulas,  and  muscles.  In  addition,  various  devices  have  bean  de¬ 
vised  for  exposing  wounds  and  skin  to  osone  gtts,  Suoh  references  are  in¬ 
cluded  ir.  the  bibliography  by  Thorp  (287), 


6.  DEODORIZING  EFFECTS  OF  OZONE 

A  substantial  amount  of  experimentation  has  bean  conducted  to  define 
tha  deodorising  affaots  of  osona  gas.  It  is  wall  established  that  osona 
oxidises  many  odor-producing  compounds  to  produoa  lass  odoriferous  sub¬ 
stances,  In  sons  cases,  however,  osona  may  produce  a  more  obnoxious  com¬ 
pound,  For  example,  tha  reaction  of  osona  with  formaldehyde  produces 
formic  acid  which  is  not  only  more  odoriferous  but  also  more  toxic  (287) . 
In  somq  situations  osona  nay  act  only  as  a  masking  agent  but,  in  general, 
it  is  believed  to  ba  an  excellent  deodorising  agent  for  many  substances, 
Thorp  (287)  suggests  that  whan  osona  acts  as  a  true  deodoriser  it  should 
demonstrate  this  property  at  nontoxic  concentrations. 
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franklin  (87)  and  Powell  (242)  gave  results  of  taata  on  tha  oxidation  of 
various  food,  tobacco,  and  putrafactiva  odors*  Most  gases  emanating  from 
thasa  products  vara  oxidisad.  Olsan  and  Ulrich  (230)  raportad  on  tha  oxida¬ 
tion  of  asnonia  and  hydrogan  sulfida,  pointing  out  that  oxidation  of  odors 
is  a  chemical  raaction  and  is  quantitativa  in  tha  sansa  that  a  dafinita  a- 
nount  of  osona  is  naoassary  to  oxidisa  a  dafinita  quantity  of  oxidisable 
notarial*  This  point  was  also  disoussad  by  MoCord  and  Hitharidga  (204). 
Kuppar  (177)  raportad  on  tha  oxidation  of  tobaoco  snoka  and  odors  in  hospi¬ 
tals  and  public  buildings,  using  as  low  as  0.06  ppn  osona.  Hill  (145)  nada 
tasts  with  cigaratta  and  cigar  snoka  as  wall  as  hydrogan  sulfide ^perfumes, 
urina,  butyric,  and  acrylic  acid  and  found  that  all  of  thasa  odors  can  ba 
oxidisad  by  low  osona  coneantrations  if  sufficiant  tine  is  allowad. 

Csaplawski  (55)  statad  that  sona  odors  art  oxidisad  whila  othars  ara 
weakened.  Faldnar  (83)  showad  that  osona  alininatad  odors  in  hospital 
rooas  containing  patients  being  treated  for  gastroenteritis.  Bordas  (33) 
found  that  odors  foraod  as  a  result  of  fermentation  of  organic  natter  ware 
destroyed  by  osona.  Boyar  (35)  raportad  that  tha  underground  railroad  tun¬ 
nel  in  Paris  was  successfully  deodorised  by  osona.  Other  observations  have 
bean  nada  on  tha  renoval  of  odors  by  osona  in  air  ciroulating  systans,  e.g., 
tha  reports  of  Anderegg  (8),  Hallott  (114).  franklin  (87),  Woodridge  (324), 
and  Vosnaer  (295).  Witheridga  and  Yaglou  (320)  found  that  as  low  as  0.015 
ppn  osona  was  affective  in  reducing  odors.  * 

Osona  has  bean  uaad  in  cold  storage  roons  to  destroy  odors  fron  neats, 
fruit,  vegetables,  and  putrefaction.  The  odors  fron  fruit,  probably  ethyl- 
ana,  ara  destroyed  as  shown  by  tha  retardation  of  ripening.  Swell  (77,79, 
80,81)  conducted  experinents  on  tha  use  of  osona  in  cold  storage  roons  and 
sunnarlsed  tha  work  of  othars  on  the  subject.  Hartnan  (131)  also  has  suc¬ 
cessfully  used  osona  for  tha  oxidation  of  fruit  and  vegetable  odons  in  cold 
storage  compartments. 

Thera  ara  sona  opinions  that  osona  only  aots  as  a  nasking  agent.  As  an 
sxanple,  Erlansden  and  Schwarts  (76)  ara  cited  as  having  found  osona  to  have 
no  affaot  on  tobacco  snoka,  indole,  skatola,  annonia,  hydrogen  sulfida,  and 
other  odoriferous  compounds  except  as  a  nasking  agent.  Sawyer  at  al  (264) 
also  state  that  osona  weeks  odors* 

Nagy  (220)  oonductad  a  series  of  laboratory  tasts  with  osona  at  a  con¬ 
centration  of  approxinataly  0.1  ppn  par  weight.  Acrolein,  an  aldehyde 
having  tha  odor  of  burning  fat.  was  converted  to  a  nonedoriferous  compound 
in  10  to  16  hours.  Allyl  sulfida,  nathyl  thiocyanate,  indole,  and  skatola 
ware  also  rendered  nonodoriferous  by  exposure  to  osona.  However,  normal 
propyl  disulfide,  a  compound  which  does  not  contain  double  bonds  and  there¬ 
fore  is  not  converted  !to  an  osonlda,  was  not  deodorised  by  exposure  to 
osona.  Zt  was  ooneluded  that  conpounds  with  unsaturated  bonds  ware  tha 
nost  readily  oxidisad  and  that  tha  anount  of  osona  must  ba  in  stolohionetrio 
proportions. 
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VHX.  FACTORS  AFFECTING  THE  BIOLOGICAL  ACTION  OF  UV  RADIATION 


In  a  raport  auoh  as  this  on  ths  practical  use  of  germioidal  radiations 
in  infectious  dissass  laboratories)  it  is  not  nsotasary  to  prssant  detailed 
discussions  of  the  various  related  faotors  which  have  been  the  subject  of 
vast  numbers  of  laboratory  experiments «  These  studies)  both  past  and  pres¬ 
ent)  have  been  adequately  summarised  (149)  and  are,  in  general)  less  perti¬ 
nent  to  the  problem  of  practioal  uses  for  UV  radiation  than  the  baslo  studies 
on  genetics)  cytochemistry)  etc*  Therefore,  in  this  chapter,  only  a  limited 
discussion  of  some  basic  faotors  affecting  the  notion  of  germioidal  UV  radi¬ 
ation  will  be  discussed*  The  reader  is  urged  to  consult  other  works  for 
more  complete  discussions* 


A.  TEMPERATURE 

Gates  (94)  determined  the  temperature  ooeffioient  of  the  bacterioidal 
reaction  of  UV  radiation  at  2540A*  Using  temperatures  of  36°,  21°,  and  5°C 
and  exposing  inoculated  agar  plates,  he  plotted  the  progressive  rate  of 
killing  and  also  calculated  the  average  temperature  coefficient  of  the  bac¬ 
tericidal  reaction  for  100  per  cent  inactivation  of  Stanhylocoocus  aureus* 
The  temperature  coefficient  was  1*06*  From  this,  he  conoluHed  that  the  re- 
aotion  is  physical  (or  purely  photochemical)  rather  than  ohemioal* 

According  to  Luckiest)  (186)  the  temperature  of  the  air  does  not  appear 
to  affeot  the  resistivity  of  uioroorganlsms  for  the  range  of  temperature 
oommonly  encountered  in  interiors  and  in  ventilation  systems* 


B.  pH 

A  series  of  parallel  experiments  (94)  indioated  that  slight  ohanges  in 
\\  the  susceptibility  of  £•  aureus  to  UV  radiation  ooourred  when  the  pH  of  the 
suspending  medium  was  varied  from  4*6  to  7*5*  At  pH  9*0  and  10*0  there  was 
an  inorease  in  the  susceptibility  of  the  test  organism*  These  results  are 
shown  in  Figure  23* 

Other  workers  have  shown  that  when  acid  media  were  used,  the  baoterioidal 
action  was  greatly  acoelerated*  Bacteria  in  medium  of  pH  6  to  8  were  about 
ten  times  as  resistant  as  when  suspended  in  medium  of  pH  2*0* 


C.  AGE  OF  CULTURE 

Gates  (94) ,  working  with  S*  aureus »  tested  the  differences  in  susoepti- 
bility  of  4-,  26- ,  and  62-hour  old  cultures  to  UV  radiation  and  found  that 
resistance  Increases  with  the  age  of  the  culture* 


KILLED  PER  CENT 
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'V «  266  m|i 


A  pH  9.0 
B  pH  10.0 

C  pH  4.5,  6.0,  8»  7.5  (ovprogpd) 


7  Pleura  23.  Par  Cant  Baotaria  Killad  at  Varioua  Madia  Hydrogan  Ion 
Concantratlona.  Oataa  (94) 
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The  susceptibility  of  organisms  in  different  growth  phases  haa  boon  re¬ 
ported  by  other  workara  (60,321,399)*  It  ii  generally  agreed  that  atraina 
of  Escherichia  call  are  nore  resistant  to  07  radiation  when  in  the  atation- 
ary  growth  phae?. 

Studies  by  Oieae  et  al  (102)  with  Saccharonyces  caraviaaas  show  this 
organiam  to  be  nore  reaiatant  to  UV  radiation  wnen  in  the  logarithmic  phaae 
of  growth  than  when  just  paat  the  logarithnio  phaae.  Nitrogen  etarvation 
inereaaed  yeaat  auaoeptibility  to  2537A  radiation*  Nitrogen  starved  oella 
beoaae  nore  reaiatant  to  radiation  inactivation  when  organic  but  not  when 
inorganic  nitrogen  was  supplied*  As  in  other  tests,  the  presenoe  or  ab- 
senoe  of  oxygen  made  little  difference  in  ultraviolet  sensitivity* 

The  nost  reoent  studies  of  Romig  and  Wyes  (257)  have  helped  to  explain 
the  differences  which  have  been  reported  in  the  susceptibility  to  UV  radia¬ 
tion  between  aerobic  vegetative  bacilli  and  their  spores.  By  using  the 
endotrophio  sporulation  technique  of  Hardwick  and  Poster  (117) ,  these  in¬ 
vestigators  showed  that  radiation  resistance  develops  before  the  appearanoe 
of  the  nature  spores  and,  in  fact,  is  nanifest  before  the  development  of 
heat  resistance.  Zn  slowly  sporulating  cultures  of  Bacillus  oereus  the 
prespore  stage  (forespore)  exhibited  increased  resistant!!  radiation 
treatment  and  became  less  susceptible  to  photoreactivation,  whereas,  resist¬ 
ance  to  heat  treatment  at  65°C  for  15  minutes  was  not  maximal  until  two 
hours  later  when  mature  spores  predominated*  Thus,  the  exact  state  of  the 
spores  may  determine  their  relative  resistance  to  UV  irradiation.  This 
theory  is  further  supported  by  studies  whloh  have  shown  that  when  spores 
are  placed  in  an  environment  suitable  for  germination,  sensitivity  to  UV 
destruction  rapidly  returns  (208,277). 

D.  RELATIVE  HUMIDITY 

1*  Literature  Review 

Luckiesh  (185)  and  other  workers  (173,305,306)  have  published  ef¬ 
fects  of  relative  hunldity  on  the  germicidal  effectiveness  of  UV  radiation* 
Luokiesh  concludes  that  the  resistivity  of  E*  poll  in  air  at  a  relative 
humidity  of  75  per  cent  is  twice  that  for  a" relative  humidity  of  35  per 
oent*  Wells  (306)  and  Whisler  (318)  claim  that  the  baeterleidal  effective¬ 
ness  of  UV  radiation  on  air-borne  E.  coli  decreases  greatly  as  relative 
humidities  rise  above  60  per  oent*"  Their  results  are  similar  to  those  of 
Oates  (94)  shown  in  Figure  24* 

The  view  that  relative  humidity  affects  the  baoterieidal  reaotion 
is  not  supported  by  other  authors  (245,246,247)*  Nagy  (220)  states  that  the 
energy  necessary  to  inactivate  a  microorganism  is  the  sums  regardless  of  the 
moisture  conditions  and  points  out  the  following! 


10  20  30  40  80  00  TO  SO  SO 

RELATIVE  HUMIDITY,  % 


Figure  24.  Effect  of  Relative  Humidity  on  the  Baoterieidal  Aotioa 
of  UV  Radiation.  Gates  (94) 
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(a)  The  sampling  devices  used  by  Whisler  ftnd  Wells  were  s*l#e» 
tivft  and  did  not  give  ft  true  representation  of  tho  bootorlftl  population, 

* 

Tho  probo  uood  by  thoio  Authors  campled  only  tho  small 
pftrtloloo  at  high  ftir  volooltlos  while  tho  oontrlfugo  removed  only  tho 
largoot  portloloo  oollootod  by  tho  probo »  Bolotlro  humidity  would  offoot 
tho  rotlo  of  tho  portlolo  olios  ftnd  thus  tho  proportion  of  organisms 
sampled*  At  high  hualdlty  and  low  ftir  voloelty  ft  largo  nuabor  of  organloao 
would  bo  oollootod  by  this  method,  Indleating  poor  07  efficiency,  At  high 
ftir  voloelty  and  low  hualdlty  tho  organloao  would  not  bo  collected, whioh 
was  lntorprotod  as  high  07  offloionoy*  y 

I!  ,y 

When  those  factors  wore  controlled,  the  aacunt  of  energy 
required  to  deetroy  an  organisa  in  air  at  low  hualdlty  wan  tho  same  as  for 
a  olallftr  organisa  on  a  Potri  plate* 

(b)  Tho  greater  apparent  offloionoy  of  9?  rodlotlen  in  air  duets 
can  bo  correlated  with  tho  Koynoldo  nuabor  which  is  a  aoaouro  of  air  turbu¬ 
lence.  Particles  in  turbulent  air  receive  aore  energy  than  siailar  parti- 
olee  in  linear  air  flow* 

A  recent  etudy  by  Beebe  and  Firoeh  (24)  on  the  effeot  of 
oiaulftted  sunlight  radiation  on  air-borne  Paoteurella  pestle  and  Paotout-n* 
tularenole  showed  a  radiation  protootion  elflifwlHMpItoditles1.  ttf 
authors  suggested  that  the  protective  effeot  associated  with  the  aoleture 
content  of  the  air  aight  be  explained  by  the  presence  of  dissolved  solids' 
in  the  aoleture  surrounding  the  oeU.  This  aolsture  layer  would  not  be 
aore  than  one  aioron  in  thickness*  However,  aany  other  factors  such  as  air 
temperature,  visible  light ,  infrared  radiation  and  partiolo  teaperature  aay 
be  involved* 


There  appears  adequate  justification  for  considering  the 
relative  hualdlty  in  practical  07  applications*  Whioler  (318)  points  out 
that  the  effeot  aay  be  physical  rather  than  bJnlogioal  in  nature*  At 
lower  hualdities  it  seeas  reasonable  to  suppose  that  there  will  be  saaller 
particles,  and  less  cluaplng  and  shielding,  therefore,  a  greater  percentage 
of  the  exposed  organlsas  can  be  "hit*" 

2*  Experiaental 

In  view  of  the  eonflioting  reports  on  the  effect  of  hualdlty  on  the 
baoterioldal  effect  of  9?,  an  oxperiaent  was  oonduoted  to  determine  the  ef¬ 
fect  of  relative  hualdlty  on  the  survival  of  Bacillus  subtllis  var*  niaer 
spores  exposed  to  99  radiation, 

a.  Methods 

An  aerosol  of  B.  subtills  spores  was  passed  through  an  alualnua 
tube  five  inches  in  diaaeter  containing  one  G36T6  97  leap.  The  relative 
humidity  of  the  aerosol  air  mixture  was  regulated  by  eonlrslliag  the  sec¬ 
ondary  (nixing)  air  supply.  This  was  done  by  passing  the  air  through  water. 
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for  Adding  noisture  or  through  silica  ger  for  removing  moisture.  Tht  ooa- 
trollod  aerosol  was  pAind  through  a  nixing  chamber,  where  largo  pArtioloi 
■ottlod  out,  And  th«n  past  wot  and  dry  bulb  thornonotor*  for  BH  dotermina- 
tiona,  Air  oaorging  fron  tho  exposure  ohanbor  waa  aaaplod  with  •loro  typo 
air  aanplora,  uaing  com  atoop  agar  platos,  A  aohonatio  diagram  of  tho  ap¬ 
paratus  la  shown  in  Flguro  25* 

Air  flow  through  tho  UV  ohanbor  waa  rogulatad  to  ono  oubio  foot 
par  minute*  Tho  UV  tubo  waa  partially  covorod  with  tapo  to  reduce  tho 
gornioidal  aetlon  and  allow  survival  of  a  poreontago  of  tho  spores, 

At  oaoh  rolatiyo  humidity  tested,  air  aanploa  were  takon  with 
tho  UV  lamp  off  and  with  it  on.  Fron  thoao  data  tho  por  coat  ponotration 
of  tho  aoroaol  at  that  relative  humidity  waa  calculated. 

b.  Results 

Tho  roaulta  of  3  toata  -  oaoh  including  8  triala  at  difforont 
huniditioa  -  aro  tabulated  in  Tabloa  XX,  XXI,  and  XXII.  Thoao  roaulta  aro 
alao  ahown  in  graphic  form  in  Figure  26.  It  oan  bo  aoon  that  tho  por  eont 
recovery  of  irradiated  aporoa  varied  only  elightly  fron  trial  to  trial  with 
no  apparent  rolationahip  to  tho  relative  hunidity.  For  baotorial  aporoa, 
.under  the  oonditiona  of  thia  axporlnant,  largo  ohangoa  in  the  noiaturo  con¬ 
tent  Of  tho  aoroaol-air  nixturo  had  little  or  no  effect  on  tho  gornioidal 
effectiveness  of  tho  radiation* 


E.  IRRADIATION  OF  MEDIA 

Coblonta  and  IHilton  (46)  expoaed  open  atorilo  agar  platoa  to  UV  radia- 
tiona  of  wave  lengths  2100A  to  2960A.  They  found  no  dotrlnontal  effects  on 
tho  subsequent  ability  of  tho  medium  to  support  growth  except  whore  very 
high  concentrations  of  radiation  wore  used.  In  studies  of  this  typo  by  tho 
authors,  four  por  eont  blood  agar,  nutrient  agar  and  oosln  methylene  blue 
agar  platoa  wore  exposed  to  a  radiation  intensity  of  86  microwatts  por  aquaro 
centimeter  for  varying  lengths  of  time  up  to  a  mewl  mum  time  of  four  hours* 
Irradiated  platoa  then  wore  inoculated  with  0*1  milliliter  of  a  diluted  sus¬ 
pension  of  tho  teat  organisms i  8.  narcoacona.  B.  aubtills  var*  niter,  and 
E.  coll.  Nonirradiated  agar  plates' wore  used  for  tho  controls,  after  la* 
cubafl'on,  tho  oounta  on  tho  exposed  and  nonexposed  platoa  wore  compared. 

Even  after  four  hours  of  irradiation,  there  was  no  change  in  tho  ability  of 
tho  agar  platoa  to  support  growth*  Therefore,  it  was  oonoludod  that  expo¬ 
sure  of  agar  surfaces  to  UV  radiation  doses  as  high  as  20,400  miorowatt 
minutes  per  square  oentimeter  has  no  effect  on  subsequent  inooulation  and 
growth  of  8.  narcoacona .  B.  aubtills .  or  E.  coll.  Open  Fetrl  dishea  con¬ 
taining  sterile  agar  are  often  expoaed  ixTuTW chamber  (o.g.  a  walk-in 
inoubator)  in  order  to  dry  the  agar  surfaoea* 
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TABLE  XX.  SURVIVAL  OF  UV  IRRADIATED  B.  SUBTILIS  SPORES  AT 
VARIOUS  RELATIVE  HUMlEll 
(Test  1) 


RELATIVE 
HUMIDITY , 

TEST  ORGANISMS  RECOVERED 

UV  Off 

UV  On 

PER  CENT 
PENETRATION 

per  cent 

org  per  cu  ft 

org  per  cu  ft  a?g  per  cu  ft 

29 

1.4  x  10a 

2.6 

3.3 

2.36 

3.6 

3.4 

' 

37 

3.2  x  10a 

6.4 

7.0 

2.5 

7.2 

7.4 

43 

2.2  x  10a 

7.4 

6.0 

2.73 

6.0 

4.6 

50 

3.3  x  10a 

7.2 

8.4 

2.55 

8.8 

10.0 

66 

3.6  x  10a 

8.4 

8.5 

2.36 

9.2 

7.8 

72  Jr 

4*2  x  10 3 

9.6 

9.5 

2.36 

10.6 

8.2 

86 

3.1  x  10s 

6.6 

5.9 

1.90 

5.8 

5.2 

a,  The  radiation  intimity  «n  the  tan*  at  all  RH'e. 


TABLE  XXX.  SURVIVAL  OP  UV  IRRADIATED  B.  SCBTILIS  SPORES  AT 
VARIOUS  RELATIVE  HUHIDlTnSF 
(Tot  2) 


BfT  AVTW 

-  TEST  ORGANISMS  RECOVERED 

PER  CENT  c 
PENETRATION 

uLATi  f  at 

HUMIDITY, 

UV  Off 

UV  On 

par  oant 

org  par  eu  ft 

org  par  cu  ft  avg  par  ou  ft 

33 

1.24  x  10* 

3.0 

4.0 

3.6 

3.52 

2.86 

40 

> 

■  1.23  x- 10®  - 

3.6 

3.2 

4.6 

3,8 

2.93 

48 

1.45  x  102 

5.6 

4.0 

5.8 

5.13 

3.58 

55 

1,71  x  102 

6.4 

5.8 

5.6 

5.93 

3.47 

62 

1.69  x  102 

5.4 

6.6 

8.4 

6.13 

3.62 

66 

1.61  x  102 

7.8 

7.2 

7.8 

7.62 

4.66 

76 

1.67  x  102 

7.6 

8.0 

7.2 

7.60 

4.54 

91 

1.44  x  102 

5.8 

4.0 

4.8 

4,86 

3.87 

it  Tha  radiation  intanaity  was  tha  aa aa  at  all  RH'a. 
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TABLE  XXIX.  SURVIVAL  OF  UV  IRRADIATED  B.  SUBTILIS  SPORES  AT 
VARIOUS  RELATIVE  HUMIDlTuS^" 

(Taat  3) 


DOT  ifTW 

TEST  ORGANISMS  RECOVERED 

PER  CENT 
_  PENETRATION 

JCALAll  VA 

HUMIDITY, 

UV  Off 

UV  On 

par  cant 

org  par  ou  ft 

org  par  eu  ft  avg  par  ou  ft 

29 

1.24  x  10* 

3.8 

3.2 

4.4 

3.8 

3,06 

36 

.89  x  102 

1.8 

1.2 

4.0 

2.3 

2,66 

41 

1.33  x  102 

2.6 

2.4 

3.0 

2.7 

2,10 

46 

1.26  x  102 

3.4 

2.2 

3.0 

2.7 

2,14 

54 

.78  x  102 

2.4 

1.6 

2.2 

2.1 

2.76 

63 

1.35  x  102. 

5,0 

5.6 

6,4 

5.66 

4,16 

70 

1.23  x  102 

4.0 

4.4 

5.0 

4.43 

3.60 

88 

1.25  x  102 

4.4 

4.6 

5.0 

4.66 

3.72 

a.  Tha  radiation  intanaity  waa  tha  aaaa  at  all  RR'a. 


106 


SxperiMnts  conducted  at  the  University  of  Hlohigan  by  Laurenoe  and 
Oraikoski  (180)  indicate,  however ,  that  oertain  liquid  Mdia  nay  be  adversely 
affeoted  by  UV  irradiation  to  the  extent  that  subsequent  inooulation  gives 
lower7 yields  of  total  cells*  A  oheaically  defined  Mdium  (Difoo  Niacin 
Assay  Mediun)  was  irradiated  (wave  length  and  intensity  not  given)  for  var¬ 
ious  lengths  of  tine  and  then  inooulated  with  Lactobacillus  arablnosus. 

Growth  after  incubation  was  Measured  turbidimetrieaily*  The'  results  showed 
a  linear  deorease  in  growth  with  the  tine  of  irradiation*  The  observed  ef¬ 
fect  ms  not  the  result  of  a  change  in  pH*  Attempts  to  reconstitute  irradi¬ 
ated  Mdia  by  adding  certain  ingredients  after  irradiation  failed  to  give 
growth  oomparable  to  that  of  the  unirradiated  control*  All  of  the  components 
of  the  medium  used  in  these  tests  wsre  essential  for  growth  of  the  test  or¬ 
ganism.  It  was  postulated  that  the  formation  by  UV  irradiation  of  toxlo 
products f  suoh  as  organic  peroxides ,  may  have  been  responsible  for  the  dele¬ 
terious  effect*  ..-=5=.=^^=:.'-=:- ---~' 


F.  HEAT  SENSITIVITY 

Cells  which  have  been  exposed  to  sublethal  doses  of  UV  radiation  are 
more  sensitive  to  heat  than  untreated  cells*  The  experlMntal  evidence  has 
been  summarised  in  a  review  by  Giese  (100)*  This  phenoMaon  has  been  noted 
on  work  with  protein  solutions,  bacteria,  yeasts,  and  tobaooo  mosaio  virus* 
The  thermal  death  of  irradiated  bacteria  ooours  at  a  lower  temperature  or 
upon  a  shorter  exposure  +han  unirradiated  cells  of  the  ssae  strain*  This  is 
not  a  mere  additive  effect  because t  if  heat  is  applied  preceding  the  radia¬ 
tion  exposure |  no  difference  in  the  UV  susceptibility  of  the  cells  is  noted* 
Rentschler  and  Nagy  (246)  show  the  ssm  phenomenon  and  state  that  it  is 
"incompatible  with  'single  photon  hit8  theory," 


G.  PHOTOREACTIVATION 

Under  oertain  conditions,  it  has  been  found  that  cells  made  nonviable 
by  exposure  to  UV  radiation  can  be  reactivated  by  exposure  to  visible  light* 
This  was  first  demonstrated  by  Kelner,  who  worked  first  with  Streptonrces 

S  issue  (167)  and  later  with  Escherichia  poll  (168)*  A  similar  phenomenon 
a  Hfceest  shown  to  ocoUr  with  yeasts,  bacteriophage ,  sea  urohin  eggs,  and 
protosoa  (100) •  In  the  technique  usually  employed,  water  suspensions  of 
organisms  are  exposed  to  UV  radiation  doses  sufficient  to  prevent  subeequent 
multiplication  of  approximately  90  per  cent  of  the  cells*  After  exposure, 
duplicate  oultures  are  held  in  the  dark  and  exposed  to  a  strong  Intensity 
of  visible  light  or  long  wave  length  ultraviolet.  The  capacity  for  photo¬ 
reactivation  disappears  after  storage  in  the  dark  for  two  to  three  hours* 

Kelner' s  discovery  has  led  to  several  new  theories  regarding  the  Moh- 
anlsm  of  UV  action*  Host  of  the  theories  Involve  the  formation  of  toxio 
substances.  It  has  been  postulated,  for  instance,  that  when  bacteria  are 
irradiated  with  UV  radiation,  a  poisonous  substance  is  produced  in  two  . 
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for*a,  on*  light  labile  and  one  light  atabla  (100).  Baottrlal  aporta  hara 
baan  raportad  not  to  be  subject  to  photoraaotiration  following  treatment 
with  OT  radiation  (857) •  ^ 

One  complicating  faotor  of  the  photoraaotiration  phenomenon  ia  the  fact 
that  a  one  laboratory  atraina  of  microorganisms  are  aenaitire  to  the  photo- 
rararaing  ware  length  used  ( 147 y 838 t 857 t 276). 

Although  photoraaotiration  ia  aaaily  daawnatratad  under  eontrollad 
laboratory  conditional  it  ia  quaationabla  that  it  haa  any  real  application 
in  the  practical  uaa  of  U7  radiation  where  generoue  doaagaa  of  ganioidal 
energy  are  applied  in  the  preaenee  of  riaible  light. 

Recent  inreatigationa  on  roactiration  inrolre  the  uae  of  rarioue  neta- 
bolitea  to  reatore  cells  inactivated  with  U7  radiation.  The  work  of  Heinaetef 
et  al  (136)  |  for  example t  auggeata  that  cellular  death  by  UY  radiation  la 
not  a  elude  atep  proceaa  and  that  a  aeriea  of  ohangea  nay  ooour  depending 
upon  the  UY  doae.  Incubation  of  irradiated  eella  for  about  17  houra  with 
aetabolitea  fro*  the  oitrie  acid  oyele  cauaea  an  inereaae  in  the  riable 
cell  count |  a  phenomenon  called  "metabolic  reactivation," 

The  ohemical  reaotiratlon  reported  by  HeiaaotSf  et  al  (136)  haa  been 
queationed  by  aereral  other  workera  (Mt156).  The  oBjJeoTlona  were  baaed  on 
teata  which  ehowad  that  it  waa  almost  impossible  to  remove  all  traeea  of 
nitrogen  from  the  solutions  in  which  reactivation  takes  place.  Thus,  mul¬ 
tiplication  of  small  numbers  of  surviving  organisms  during  inoubatlon  in 
the  metabolite  might  be  confused  with  reactivation,  Hunrlta.  et  al  (158) 
performed  experiments  the  results  of  whioh  support  this  thesis?"’  We  recant 
extensive  review  by  Jagger  (161)  is  recommended  for  those  interested  in 
photoreaotivation. 


'/  , 
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II 


IX.  GERMICIDAL  EFTECTS  OF  UV  RADIATION 


A.  GENERAL 

Of  all  BY  phenomena'  the  lethal  action  of  radiant  energy  aiainst  mioro- 
organitaa  la  probably  the  scat  fraquantly  invaatifatad.  Tha  voluminous  in- 
formation  available  usually  can  be  elaaeified  under  one  of  the  following 
headinge  y  in  tens  of  the  wave  length  and  UV  souroe  usedt 

ft' 

(a)  Investigations  using  sunlight  as  the  radiation  souroe f 

(b)  investigations  using  the  entire  radiation  from  a  souroe  suoh  as 
a  oarbon  arc  leap  or  a  high-pressure  mercury  lampy 

(c)  investigations  using  arc  leaps  and  crude  filters  such  as  Petri 
dish  oovers  or  window  glass  9 

(d)  investigations  using  selective  filters  or  prisns  which  isolate 
>  fairly  narrow  regions  of  the  spectrum,  and 

_  ...  (e)  investigations  using  low  pressure ,  mercury  vapor  lamps,  which 

emit  about  95  per  oent  of  their  radiations  in  the  258TA  wave-length  band* 

When  suamariiing  the  quantitative  effeote  of  monoohromatlo  UV  radiation 
on  microorganisms,  only  data  under  (o)  and  (d)  can  be  oonsidered*  Even 
then,  other  limitations  have  been  found  that  prevent  aoourate  comparison  of 
data  obtained  by  various  investigators* 

Some  of  these  limitations  are< 

(a)  Differences  in  exposure  techniques, 

(b)  differences  in  concentration  of  exposed  microorganisms  9  and 

>  it 

(o)  differences  in  determining  and  expressing  the  intensity  of  the 
UV  radiation* 

i 

This  last  limitation  is  encountered  most  frequently*  In  some  reports 
the  only  indication  of  the  Intensity  is  the  distance  of  the  exposed  material 
from  the  UV  source*  Other  studies  have  simply  ignored  the  UV  intensity* 
Ultraviolet  readings  have  been  made  in  terms  of  energy  (ergs) ,  power  (watts 
or  miorowatts)  or  in  terms  of  radiant  power  per  unit  area  per  unit  of  time 
(miorowatt-minutes  per  square  oentimeter)*  Also,  other  units  have  been  ess- 
ployed  which  represented  a  certain  percentage  destruction  of  a  standard 
test  strain  under  standard  conditions*  These  terms  are  discussed  in  detail 
in  the  chapter  on  measurement*  The  terms  most  commonly  used  today  to  ex¬ 
press  dose  of  ultraviolet  per  unit  area  are  miorowatt-minutes  per  square 
oentimeter  and  microwatt-seconds  per  square  oentimeter* 
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Although  an  onornoua  mount  of  experimental  evidence  hat  accumulated 
which  proves  that  nioroorganiaaa  art  susceptible  to  tho  lothal  aotion  of 
tJV  radiation,  tho  limitation*  liitod  abovo  apply  to  much  of  thia  work* 
Th#  following  species  or  gonora  hav*  boon  liatod  by  varioua  authors  (75, 
161 (174, 183)  a*  auacoptibl*  to  OV  radiation* 

African  horse-sickness  virus 

Alcaligsnsa 

Amoeba 

Baoillus  anthraola 


bacillus  “sul 


nvkiriwi  60ii  DSctari  sphags 
bacteriophage  dyasntsry 
Brucslla 
Chocs*  nolda 
Chicken  pox  virus 

Cholera  bacteriophage 

Coliforsa 

Corynobactorlua 

Dlplococoua  pnouaoniao 

Dysentery  bacteriophage 

Bberthella  typhosa 

^cephalitis  Wrus 

Encephaloayelitia  virus 

Foot-andaouth  disease  virus 

Heaophilus 

Herpes  virus 

Xnfluensa  virus 

Klebsiella 

Laotobacillus 

Measles  virus 

Miorococcus 

Muapa  virus 

Sycobacterlua  tuberculosis 
elsserla 
Paraaeciua 

Poliomyelitis  virus 
Proteus 

Saccharoayces  olllpoidoua 


saiaoneiia 

Serratia 

Shigella 

Staphylococci 

Staphylococci  bacteriophage 

Streptococcus 

Tobacco  mosaic 

Tomato  bushy  stunt  virus 

Theraophilic  sugar  bacteria 

Vaccinia 

Vibrio 


tuberculosis 
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B.  EFFECTS  ON  BACTERIA 
1* ,J  Literature  Review 

In  rtudiaa  on  tho  of foots  of  UV  radiation  on  bacteria,  throe  methods 
of  exposure  are  generally  usedt  the  agar  plate  method ,  the  liquid  suspen¬ 
sion  method,  and  the  air  suspension  method*  The  agar  plate  method  has  been 
widely  used  and  the  results  obtained  ean  more  easily  be  compared  with  other 
data  of  the  same  type*  The  data  in  Table  XXIII  are  taken  from  a  summary 
table  in  a  review  by  Hollaender  (149)*  The  individual  references  are  not 
shown,  but  may  be  found  in  the  original  review*  Table  XXIV  shows  similar 
information  supplied  by  Meetinghouse  Electric  Corporation*  Variations  found 
in  the  reported  quantitative  effects  of  UV  radiation  (2537A)  on  various 
strains  of  bacteria  are  vividly  demonstrated  in  Table  XXIV.  Fbr  example, 
it  is  not  likely  that  E.  coll  cells  are  more  resistant  to  UV  radiation  than 
are  the  spores  of  Bacillus  magateriua,  Undoubtedly,  variables  suoh  as  pig¬ 
mentation,  cell  concentration,  and  physical  state  of  the  culture  are  re¬ 
sponsible  for  variances*  The  phenomenon  of  the  shielding  of  one  cell  by 
another  must  not  be  overlooked.  Many  observations  have  indicated  this  to 
be  important  in  the  exposure  of  bacterial  cells  on  agar  surfaoes. 

The  amount  of  energy  necessary  to  destroy  a  bacterium  has  been 
studied  by  Hollaender  and  Claus  (152).  The  authors  reported  that  13*1  x 
10"®  ergo  per  bacterium  are  neeeseary  to  inaotlvate  36.8  per  cent  of  the 
cells  in  a  15-hour  culture  of  E.  coll.  Only  6*1  x  10"®  ergs  per  baoterium 
were  necessary  if  the  cells  were  first  washed*  In  another  paper  on  the 
effect  of  radiation  on  nematode  eggs  (154),  approximately  onc  erg  at  2640A 
per  egg  produced  a  50  per  cent  inactivation.  Hold  spores  of  Trlohoohyton 
a&fstagfgftoicf  were  destroyed  by  Hollaender  (149)  by  exposure"!!  7  x  lb"4 
to  ib.l  x  16*1  ergs  per  spore* 

Bas)d  on  an  assumed  molecular  weight,  Specter  (274)  gives  the  fol¬ 
lowing  values  for  T-l  and  T-2  phages  which  resulted  in  lose  of  aotlvity 
against  the  host  oell,  E«  coli  B* 


PHAGE 

HAVE  LENGTH 

QUANTUM  EFFICIENCY 
(Number  of  molecules  reaoting 
per  number  of  quanta  absorbed! 

%1 

2220 A 

5.0  x  10"4 

T-l 

2 537 A 

6,3  x  10"4 

T-l  i 

3022A 

7.3  x  10"4 

T-2 

2220A 

2,7  x  10"4 

T-2 

2537A 

3.1  x  10"4 

T-2 

3022A 

1.8  x  10"4 

Ill 


TABLE  XXXIX.  MICROWATT-MINUTES  PER  SQUARE  CENTIMETER  (ET  VALUE) 
NECESSARY  TO  REDUCE  COLONY  FORMATION  90  PER  CENT  ON 
AOAR  PLATES  (Hollasnds?,  14S) 


ORGANISM 


ET  VALUE  FOR  90 
PER  CENT  KILL 


Bacillus  anthraeis 


TABLE  XXXV.  INCIDENT  ENERGIES  AT  2537A  MILLIMICRONS  NECESSARY 
TO  INHIBIT  COLONY  FORMATION  IN  90  AND  100  PER  CENT 
OF  THE  TEST  ORGANISMS* 

Notet  Divide  each  number  by  60  to  obtain  miorowatt-min/aq  cm 


ORGANISM 

(MN»aac/aq  gib) 

00  par  cant  100  par  cant 

mm 


insi 


ran 


umi 


mm 


131 


3M&:rmnf-u£l 


131 


lit  1 1  J‘H 


mrlun 


ocoooua  a  lima 


um 


Sacoharoiwaaa  al  lii>»otrtau» 


jT3n!HP!..|Tv,nTnt!: 

k'fninniprfcinsm 


Annoraiuu"  tlaucut 
XtneruuVua  flawa 


mi 


bluiah  groan 
yallowlah  ir 


#  SuppHod  by  Wonttnghnuaa  Klactric  Corporation: 


In  addition.  Speotor  (274)  has  oolloetod  data  on  tho  LDra  radiation 
doit  for  various  unicellular  organism*  Ter  wavs  lsngth  284  niilimiorons 
(m)  ,  ths  LPgo  valuss  wars  as  follows i 


ORGANISM 


LDgo  DOSE,  erge/sq  m  (264  mp) 


BACmiA 
Escherichia  coll 
Micrococcus  can3ieans 


-yirr/r 

PJ Til 


.ococcus  aursus 

la  narcsscsns 


Sacoharoayocs  csrsvlssas  (dark) 


croeonidia  (dark) 
crassa.  aioroconidia  (light) 
hturospora  crassa.  aaeroeonidla  (dark) 
Nsuroseora  crassa.  aaeroeonidla  (light) 


PROTOZOA 

Aaosba 


eua  (dark) 


For  ths  practical  application  of  0?  radiation  as  a  bactericidal 
agent,  suoh  information  is  not  necessary*  Data  showing  ths  intensities  and 
exposure  tines  required  to  lnaotivate  test  organisas  under  a  variety  of 
test  conditions  are  applicable  because  variances  due  to  shielding,  cell  con¬ 
centration,  and  physieal  state  of  the  culture  are  already  included*  If  such 
information  is  accurate,  practical  Installations  employing  radient  energy 
can  be  designed  in  aeocfrdaaee  with  the  intensity  requirements  with  an  assur¬ 
ance  that  the  desired  results  will  be  obtained* 

Luekleeh  (166)  presented  a  graph  showing  intensities  and  exposure 
tines  required  to  give  various  ratios  for  bacteria  and  acids*  This  graph 
has  been  duplicated  in  Figure  27*  Such  data  are  difficult  to  apply  la 
praotice,  and  are  subject  to  several  criticises.  No  mention  is  aade  of  the 
number  or  different  species  of  microorganisms  involved.  There  is  an  obvious 
discrepancy  in  the  line  for  "B.  coli"  in  water  and  B.  eubtllie  spores,  as 
the  latter  organism  is  definitely  aany  times  more  resistant  to  VT  radiation 
than  the  vegetative  E«  cell  organism*  The  intracellular  nature  of  viruses 
would  suggest  that  tKeiFTnactlvatlon  la  praotioal  instances  might  be  dif¬ 
ficult*  In  addition  it  is  doubtful  that  all  members  of  any  biologioal  popu¬ 
lation  show  equal  susceptibility  to  V?  radiation*  Extrapolation  of  radiation 
data  is  not  a  good  practice* 


Microwatts  of  2537A  per  cm 
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Figure  27.  UV  Intensity  end  Exposure  Time  Required  to  Give  Various 
Values  of  Survival  Ratios  for  Bacteria  and  Molds. 
Luokiesh  (185) 


t\ 
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2*  Experimental 

a.  In  Hater  Suepensiena 

C' 

Thirty-watt,  hot  oathode  lamps  were  ueed  in  these  experiments* 
Test  baoteria  wars  grown  on  agar  slants  for  24  hours  and  washed  twiee  in 
sterile  distilled  water*  Then,  20  milliliters  of  the  suspension  were  plaoed 
in  an  open  Petri  dish.  The  depth  of  the  baoterial  suspension  in  the  Petri 
dish  was  approximately  0*5  centimeter*  Control  counts  were  made  of  the  sus¬ 
pension  and  the  Petri  dishes  were  then  placed  below  the  UV  lamp  at  various 
distances  for  varying  periods  of  time*  After  exposure,  counts  were  made  to 
determine  the  number  of  viable  organisms  remaining,  and  results  ware  re¬ 
corded  as  per  cent  survival  or  per  oent  kill* 

An  UV  intensity  meter  was  used  to  make  measurements  at  the 
spots  where  the  plates  were  exposed*  These  measurements  gave  the  intensi¬ 
ties  of  radiant  energy  in  microwatts  per  square  centimeter.  This  value, 
multiplied  by  the  minutes  of  exposure  gave  an  ET  (intensity  x  time)  value* 

As  seen  in  Table  XXV,  when  the  ET  values  varied  from  7  to  850,  the  per  oent 
inactivation  of  Serratia  maroescens  cells  in  water  varied  from  0  to 
99,9990,  Each  value  is  an  averags  of  at  least  three  exposures*  from  these 
values,  the  survival  curve  shown  in  figure  28  was  made* 


TABLE  XXV.  SURVIVAL  OF  HASHED  S.  MARCESCENS  CELLS  IN  DISTILLED  HATER 
EXPOSED  TO  RADIATION  VtZkl  A  90-WATT  HOT  CATHODE  LAMP 


ET  HICR0HATT8  PER 
SQ  CM  X  MINUTES 


PER  CENT  KILL 


7 

0 

9 

40 

12*5 

45 

15 

50 

18 

68*2 

25 

72*8 

46 

77*7 

62  - 

94*75 

72 

98*27 

76 

98.59 

100 

99.62 

125 

99*905 

170 

99*989 

250 

99.991 

255 

99*991 

340 

99*995 

425 

99*999 

850 

99*9999 

Exposures  mri  nade  of  washed  sports  of  Bacillus  subtilis  rar, 
nlgtr  suspended  in  eater.  The  results  are  shown  in  Table  JM.  An  average 
of  the  counts  on  the  oontrol  suspension  in  these  experiments  was  49  x  10® 
organisms  per  milliliter  with  the  limits  being  80  x  10®  and  60  x  10®. 


TABLE  XXVI,  SUMMARY  OF  ET  VALUES  FOR  90,  99  AND  100  PER  CENT 
INACTIVATION  OF  TEST  ORGANISMS  IN  MATER  AND  ON 
SEVERAL  DIFUSENT  SURFACES 


AVERAGE 

NUMBER 

OF  CELLS 
EXPOSED 

ET  VALUES 

TEST 

ORGANISM 

HOW  EXPOSED 

Per  Cent  Inactivation 

90 

99 

100 

E*  poll 

Agar  surface 

aoo 

90*4 

119 

133 

8.  maroeseens 

Agar  surface 

800 

84*4 

11*5 

164 

S*  maroeseens 

Glass  surfaoe 

800 

16*6 

41*6 

46*7 

S.  maroeseens 

Water  (0*5  om  deep) 

49  x  10® 

46 

66 

486 

B.  subtilis 

spores 

Agar  surfaoe 

800 

893 

478*8 

638.4 

B.  subtilis 

spores 

Glass  surfaoe 

800 

199*6 

306*9 

638 

B.  subtilis 
spores 

Stainless  steel 
surface 

800 

876 

700 

800 

B.  subtilis 

spores 

Water  (0*5  om  deep) 

SO  x  10® 

1600 

8400 

3800 

B.  corpus 
spores 

Agar  surface 

840  = 

ggg 

660 

780 

b.  On  Surfaces 

For  determining  inactivation  of  organisms  on  agar  surfaces , 
some  workers  expose  one  half  of  an  inoculated  agar  surfaoe  to  radiations 
while  the  unirradiated  half  serves  as  a  control*  Tests  were  made  using 
this  method,  but  it  was  found  to  give  inconsistent  quantitative  results 
when  compared  to  the  method  of  exposing  the  entire  agar  plate  and  using 
several  inoculated,  but  unexposed,  plates  for  controls*  Therefore,  the 
latter  method  was  used  in  all  experiments  in  which  microorganisms  were  ir¬ 
radiated  on  agar  surfaces, 
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Strains  of  Serratla  maroesoens .  Staphylococcus  albua ,  and 
Bacillus  caraus  wars  grown  in  broth,  An  aliquot  of4  each  culture  mi  plaood 
on  glass ,  cardboard,  copper,  paintsd  or  unpaintsd  pins  wood  and  tha  surfaoas 
axposad  ovarnight  to  UV  radiation*  In  aaoh  test,  tha  panals  wara  plaoad 
90 ,  180,  210,  and  266  centimeters  from  tha  UV  lamps.  Tha  266-eentimeter 
figura  was  tha  distanoa  from  tha  oailing  lamp  to  tha  floor*  Unaxposad 
panals  wars  usad  for  controls  and  recovery  was  mada  by  swabbing  tha  surfaoas 
with  a  damp  ootton  swab  and  ntraaking  tha  swab  on  blood  agar  platas*  It  was 
found  that  aftar  an  axposura  tima  of  18  hours,  no  viable  calls  of  S.  mar- 
cssoans,  S.  albus .  or  B,  oaraus  could  ba  racovarad  from  tha  expose?  surfaoas, 
while  surfaoas  not  axposad  showed  recovery  of  viabla  organisms. 

In  order  to  secure  more  quantitative  data,  tha  following  experi¬ 
ments  wara  undertaken!  Calls  of  E.  coll*  S.  maroascans,  and  spores  of  B. 
subtills  ware  washed  twice  in  sterile  distilled  water  and  nebulised*  onto 
glass,  stainless  steal,  and  various  agar  surfaces.  Tha  surfaces  wara  inocu¬ 
lated  by  applying  a  constant  number  of  squeeiee  to  tha  rubber  bulb  of  tha 
nebuliser  and  using  a  standard  distance  between  tha  nabulisar  and  surfaoe. 

In  this  manner  tha  surfaces  wara  inoculated  with  approximately  equal  numbers 
of  organisms*  In  each  axparimsnt  two  or  three  of  tha  inooulatad,  nonirradi- 
atad  platas  wara  used  as  controls;  tha  average  counts  being  usad  as  the 
final  control.  Aftar  exposure  to  radiant  energy,  nutrient  agar  was  poured 
over  tha  glass  and  stainless  steal  surfaces  and  tha  platas  lnoubated  with 
tha  oontrol  platas.  Colony  counts  wara  mada  after  48  hours  of  inoubation  at 
37°C, 


Tha  survival  curves  of  these  organisms,  plotted  against  tha  ET 
values,  are  shown  in  Figure  29*  Eaoh  point  on  tha  graph  is  an  average  of 
at  least  three  tests  which  vary  closely  duplicated  themselves.  Tha  average 
number  of  colonies  on  the  control  platas  was  200. 

Table  XXVI  shows  ET  values  for  90,  99,  and  100  par  cant  inaoti-  , 
vation  of  test  organisms  on  surfaces  and  in  water  suspensions  0*5  centimeter 
deep. 


c.  On  Air-Borne  Organisms 

Experiments  wara  conducted  in  four  rooms  to  determine  tha  re¬ 
duction  In  number  of  air-borne  bacteria  whan  two  bare  30-watt  hot  cathode 
lamps,  located  in  the  ceiling,  were  turned  on  for  one  hour.  The  doors  and 
windows  of  these  rooms  were  closed  and  activity  kept  at  a  minimum  during 
the  tests* 


The  general  procedure  was  to  take  two,  20-minute  sieve  air 
samples  in  the  room  before  turning  on  the  lamps,  then  three  20-mlnute 
samples  while  the  lamps  were  on,  followed  by  two  more  20<minute  samples 
after  the  lamps  had  been  turned  off*  All  samples  were  taken  at  the  table 
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«  Yaponefrin  Nebuliser,  Vaponefrin  Co.,  Upper  Darby,  Pa* 


Per  Cent  Survival 
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top  levol  (180  on  from  coiling)  And  tho  otmplors  placod  ao  ai  to  be  ihioldod 
from  diroot  or  roflootod  UV  radiation,  Tho  roaulta  of  a  typioal  oxporimont 
conducted  in  an  1890  cubio-foot  room  aro  ahown  in  Figure  30,  In  Table  XXVII 
ia  ahown  tho  averaged  roaulta  from  experimenta  in  four  teat  rooma.  The 
experimenta  in  eaoh  room  were  repeated  two  or  three  times. 

Table  XXVIII  ia  taken  from  Luokieah  (185)  and  ahowa  the  survival 
of  irradiated  WB.  coli"  in  air,  Theae  data  are  rather  typical  of  the  aver¬ 
age  reaiatance  of  airborne  vegetative  bacteria  to  UV  radiation,  ^ 

d,  On  Bacterial  Sporoa 

There  ia  little  doubt  that  bacterial  spores  are  relatively  re- 
aiatant  to  UV  radiation  and  that  the  order  of  magnitude  of  their  resistivity, 
aa  compared  with  vegetative  cello*  ia  about  the  came  as  to  heat  and  to  aome 
disinfectants,  Holler  (174)  preaented  data  ohowing  the  relative  amounts  of 
UV  energy  neeesaary  to  inactivate  a  vegetative  organism  and  a  spore  forming 
organism 


u  Microwatt-Seconds  Per  So  Cm 

B,  coli  on  agar 
7.  auETllia  on  agar 


6,600 

60,000 


The  spore  former,  in  this  case,  was  about  nine  times  as  resist¬ 
ant  aa  B«  coll. 

Table  XXIX  is  taken  from  Table  XXVI  and  shows  the  relative  re¬ 
sistance  of  two  bacterial  spores  aa  compared  with  two  vegetative  baoteria. 
From  3,3  to  5,4  timoa  aa  much  radiation  was  required  to  kill  B,  aubtilia 
spores  aa  for  the  two  vegetative  strains.  From  3,7  to  6,1  times  aa  much 
energy  was  required  for  3,  corpus  aporea.  These  values  are  somewhat  lower 
than  those  ahown  by  Holler,  Differences  in  UV  source  and  type  of  measuring 
devices  may  be  responsible  for  some  of  the  discrepancy.  This  type  of  ex¬ 
periment  haa  been  repeated  many  times  and  it  has  been  consistently  true  that 
bacterial  spores  are  at  least  three  to  five  times  as  resistant  to  UV  radia¬ 
tion  as  vegetative  bacteria. 


C.  EFFECTS  ON  VIRUSES  AND  BACTERIOPHAGE 
1,  Viruses 

The  application  of  most  of  the  data  of  earlier  workers  who  exposed 
viruses  to  UV  radiation  is  of  little  value  except  to  demonstrate  that  viral 
particles  can  be  successfully  inactivated.  Monochromatic  radiation  was,  for 
the  most  part,  not  used,  and  few  intensity  measurements  were  furnished, 

Ellis  et  al  (75)  reviewed  some  of  these  studies  with  viruses.  Susceptible 
types  arsTncluded  in  the  list  on  page  109.  - 


TABLE  XXVIII.  UV  INACTIVATION  OF  B.  COLI  IN  Alt  AT  ORDINARY 
TEMPERATURES  AND  AT  RELlTiVntonIDITIES 
LESS  THAN  40  FEB  CENT*/ 


EXPOSURE |  Microwatt-Minutaa  Par  Sq  Ca  PERCENTAGE  KILLED 


0.5 

10 

1.0 

18 

2.0 

33 

3,5 

50 

5.0 

53,2 

8.0 

SZ 

SO 

10.0 

, 

65,5 

11,5 

90 

15,0 

95 

19.5 

■> 

98 

23,0 

: 

99 

28,6 

99,5 

31,0 

99,8 

34,5 

99,9 

46,0 

' 

99,99 

^ i  liUOfiivih  (185)  1 


TABLE  XXIX.  RELATIVE  AMOUNTS  OF  UV  ENEMY  REQUIRED 
TO  INACTIVATE  BACTERIAL  SPORES 


RATIO  USING  VALUE  OF  1  FOR  VEGETATIVE  ORGANISM 


fMT  AMUNTHM 

E.  ooli 

S. 

■aroaaeana 

A  091  vIVAIUOn 

Paroantaca  Kill 

Paroantaca  Kill 

— -  ...... — 

—  _ 90  99 

100 

90 

99 

100 

B.  subtllla  sooraa 

3.3  4.0 

4.8 

5.4 

4,3 

3.9 

B,  caraua  aporas 

3,7  4.6 

5,6 

6.1 

5,0 

4.6 
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Tobacco  mosaic  virus  has  baan  shown  by  Hollaender  (150)  to  ba  ap¬ 
proximately  200  tlnas  mora  raiiatant  to  UV.  radiation  than  bacteria.  Maxima 
action  occurred  at  wave  length  2600A.  Aerosols  of  the  influenia  virua  (Pr  6 
a train)  ware  found  by  Valla  and  Brown  (307)  to  loaa  their  infactivity  for 
ferrate  after  expoeure  to  radiatlona  from  a  mercury  aro* 

Polaon  and  Dent  (239)  ueed  a  high  preeaure  quarta  UV  lamp  to  irradi¬ 
ate  11  strains  of  African  horse»sickness  virua*  Although  inactivation  rataa 
differed,  all  atraina  were  auaceptible  to  the  lethal  action  of  the  radia- 
tiona* 


Carlaon  «t  al  (42)  found  that  treatment  of  water  with  artificial  UV 
radiation  waa  more  effective  in  inactivating  poliomyelitic  virua  than  wae 
exposure,  to  direct  aunlight  or  treatment  with  common  water  purification 
methoda  auoh  aa  coagulation  and  aedimentation,  sand  filtration,  absorption 
on  inactivated  charcoal,  aeration,  adjustment  of  pH  and  storage* 

Data  by  Hollaender  and  Oliphant  (153)  showed  that  tobaooo  moaalo 
and  chicken  tumor  1  virua  had  maximum  sensitivity  at  wave  lengths  shorter 
than  2300A  while  vaccinia  virua,  influensa  virua,  and  bacteriophage  showed 
maximum  susceptibility  at  2650A* 

Studies  with  several  strains  of  the  riokettaiae  of  epidemio  typhus, 
Rickettsia  prowaaskl ,  (2)  indicated  that  irradiation  with  2537A  produces 
lose  of  respiratory  activity  and  toxicity,  in  that  order*  Prolonged  irra¬ 
diation  produced  loaa  of  both  properties. 

2*  Bacteriophage  \ 

a.  Literature  Review 

Bacteriophage  active  against  Streptococcus  lactic  waa  found  by 
.  Whitehead  and  Hunter  (317)  to  ba  sueceptiECTtTWTninic^if  sufficient 
exposure  was  given*  Applemans  (12)  and  Zoellcr  (328)  determined  that  short 
exposure  to  UV  radiation  killed  Shigella  bacteriophage.  The  time  required  - 

<■; _ for  the  destruction  by  UV  radiation  of  Shigella  bacteriophage  in  solution 

was  found  to  be  influenced  by  the  type  of  suspending  liquid,  the  depth  of 
the  liquid,  and  the  concentration  of  bacteriophage .  (214),  According  to 
Sutton  (279)  bacteria-free  filtrates  containing  bacteriophage  active  against 
Streptococcus  creaorla  were  destroyed  by  radiation  in  six  minutes  at  a  dis¬ 
tance  of  three  inches  from  an  UV  lamp,  - 


Gates  (94)  showed  a  oulture  of  Staphylococcus  aureus  to  be  more 
susceptible  to  the  lethal  action  of  UV  radiation  than  its  homologous  bac- 
teriophage*  E,  coll  bacteriophage,  on  the  other  hand,  was  noted  by  Latarjet 
and  Wahl  (1787  toHBe  two  to  six  times  more  sensitive  to  UV  irradiation  than 
the  homologous  strain  of  E*  coll.  However,  the  bacteriophage  was  more  re¬ 
sistant  when  a  mixture  of^bacTeriophage  and  cells  was  irradiated. 
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Andsnon  (9)  found  that  bactorial  call*  unabla  to  fora  colonies 
aftor  OV  irradiation  war*  alto  unablt  to  support  tha  growth  of  tht  bactarial 
virus*  Apparently  irradiation  of  host  eslis  caused  the  liberation  of  a 
virus-inhibiting  substance ,  reduoed  the  burst  site  of  the  host  and  inacti¬ 
vated  the  virus  and  its  host*  Cells  of  E.  poll  apparently  lose  their 
ability  to  liberate  bacteriophage  after  Irradiation)  beoause  of  the  inacti¬ 
vation  of  the  intraeellular  virus  (193)* 

Greene  and  Babel  (10?)  studied  the  suitability  of  UV  radiation 
to  control  Streptococcus  laotis  bacteriophage  in  dairy  plants  and  determined 
the  exposure  'tines  a-iOisianoes  from  the  souroe  that  would:  be  neoessary  to 
obtain  eomplete  destruction*  Although  intensity  measurements  were  taken  at 
the  surface  of  the  UV  lamps,  these  authors  negleoted  to  reeord  the  intensity 
present  at  the  exposure  surfaoe,  The  lamps  used  were  very  weak  sources  of 
V?  radiation*  ^ 

b.  Experimental  Studies  on  Agar  Surfaees 

Bacterial-free  suspensions  of  bacteriophage  T-3  for  E.  coll  B 
were  spread  on  the  surfaoe  of  tryptose  phosphate  agar  plates ,  an3  tKTplates 
were  exposed  to  the  radiations  from  a  15-watt,  hot  cathode  UV  lamp.  The 
exposures  were  made  a*  a  distance  of  12  inches  from  the  UV  source,  and  the 
length  of  the  exposures  was  aeourately  determined  with  the  aid  of  a  stop 
watoh*  Aftor  the  exposure,  ttiroe  milliliters  of  melted  agar  containing  a 
suitable  number  of  host  baoteria,  were  layered  over  each  exposed  surfaoe* 

The  plates  were  incubated  for  18  hours  at  room  temperature  and  the  number 
of  typioal  phage  plaques  oounted.  The  total  number  of  phage  particles  ex¬ 
posed  in  eaoh  test  was  determined  by  plaque  eounts  on  the  original  phage 
suspension* 


Eaoh  test  was  repeated  four  times*  Ibr  eaoh  exposure,  the  aver¬ 
age  number  of  plaques  oounted  was  determined  and  expressed  as  a  percentage 
of  the  number  of  phage  partioles  originally  exposed*  The  radiation  dose 
reeelved  in  eaoh  exposure  was  oaloulated  in  microwatt-minutes  per  square 
eentimeter  (ET  value),  In  the  four  tests,  the  average  number  of  phage  par¬ 
tioles  exposed  per  plate  was  2,500* 

Table  XXX  shows  the  results  obtained.  These  data  were  used  in 
the  preparation  of  the  survival  curve  shown  in  figure  31*  By  oomparison 
with  the  survival  eurves  for  vegetative  baoteria  shown  in  figure  29,  eoli- 
phage  appear  slightly  more  resistant  than  its  host* 

o*  Experimental  Studies  on  Air-Borne  Clouds 

BaoteriOphage  T-3  was  used  as  a  simulant  for  pathogenio  viral 
strains  beoause  i,t  is  a  submicroscopip  particle  in  the  same  general  else 
range  as  many  human  viruses,  and  it  attacks  a  speolfio  host.  These  were 
made  to  determine  the  effectiveness  of  2637A  UV  radiation  against  air¬ 
borne  partioles  of  coliphage.  Air  looks,  door  barriers,  and  other  instal¬ 
lations  equipped  with  germicidal  lamps  are  intended  to  aet  mainly  on  aerial 
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Flguro  91*  Survival  of  T-3  Collphago  on  Agar  Surfaeoa  Esqpoiod  to 
UV  Radiation.  ft 
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mioroorganlsms  In  separating  contaminated  araaa  from  olaan  areas*  Exoallant 
raaulta  have  baan  obtained  with  air-borne  bacteria,  but  laaa  evidence  hae 
been  presented  for  the  virus* 


TABLE  XXX.  INACTIVATION  OF  T-3  CXI  PHAGE  ON 
AGAR  SURFACES  WITH  UV  RADIATION 


EXPOSURE  TIME,  Seconds 

IT  VALUS, 

Microwatt-Kin  Per  8q  Cm 

PER  CENT  KILL 

2 

6*32 

61*00 

4 

10*64 

76*36 

6 

16*06 

84,46 

® 

21*28 

91*76 

10 

26*60 

02,26 

14 

37*24 

06*62 

16 

47*86 

96*08 

20 

63*20 

07*07 

SO 

60.00 

98*71 

40 

106,60 

09*46 

*  80 

133*20 

09.86 

60 

160*00 

09*00 

120 

32Q.00 

09*00 

The  tests  wsre  conducted  in  a  elosed  metal  ohamber  having  a 
volume  of  5*7  cubic  feet  and  equipped  with  one  16-sratt,  oold  oathode  lamp* 
Exhaust  air  from  the  ehambor  was  sterilised  by  passage  through  a  filter* 

The  oabinet  was  equipped  with  two  outlet  sampling  lines  and  one  inlet  air 
line* 


Filtrates  of  ooliphage  containing  1*6  x  10®  phage  partioles  per 
milliliter  were  prepared  in  a  protolysate  broth  solution.  The  stook  sus¬ 
pension  was  sprayed  from  a  Vaponefrln  atomiser  to  produeo  the  phage  olouds. 
Air  samples  were  taken  with  critioal  orifice  impingers*  Air  samplers  were 
oonneoted  to  the  sampling  lines  of  the  aerosol  ohamber  and  operated  at  the 
rate  of  14  liters  per  minute*  The  general  test  prooedure  was  as  follows i 

(a)  Approximately  1*6  millllitenof  the  phage  suspension 
were  atomised  into  the  test  ohamber* 
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(b)  The  UV-  lamp  ms  turnsd  on  for  two  minutes. 

(e)  Two  5-ainuts  sir  samples  were  tskon  simultaneously  whlls 
ths  UV  lamps  oontinusd  to  burn* 

Control  tssts  wsrs  exactly  ths  sans  axoapt  that  no  tJV  radiation 
was  uaad.  Ths  number  of  phaga  partiolas  oollaetad  was  determined  by  plaque 
oounts  in  tryptoss  phosphate  agar  using  the  susceptible  E.  poll"  B  host 
strain*  In  one  test,  samples  of  ths  cloud  wars  taken  wiTh  a  sieve-type  air 
sampler* 

UV  intensity  readings  wars  made  in  the  chaaber.  Intensities  of 
approxiaately  400  mlorowatts  per  square  centimeter  were  obtained  in  the  top 
of  the  chamber,  and  at  the  bottom,  near  the  sampling  outlets,  the  intensity 
was  180  microwatts  per  square  centimeter* 

In  Table  XXXI  are  recorded  the  results  of  six  tests  showing  the 
number  of  phage  particles  collected  during  off  and  on  perlode  and  the  per 
cent  reduction  by  the  UV  radiation*  Complete  Inactivation  oocurred  when 
cloude  of  T-3  coliphage,  in  a  concentration  of  about  10,000  phage  partioles 
per  cubic  foot,  were  exposed  to  the  UV  radiation  for  a  two-minute  exposure 
period  followed  by  a  five-minute  sampling  period  (total  of  seven  minutes). 
Higher  aerosol  concentrations,  up  to  8*68  x  10®  particles  per  oubic  foot, 
were  reduced  over  98*9  per  cent  by  similar  exposures* 

cf1  These  tests  demonstrate  the  susceptibility  of  T-3  eoliphage  in 
the  air-borne  state  to  the  germicidal  action  of  UV  radiation  in  the  2637A 
range.  ©  c  * 


TABLE  XXXI.  INACTIVATION  OF  AIR-BORNE  T-3  COLI PHASE  WITH  UV  RADIATION 


•  _ _ , _ j) 


TEST 

NUMBER 

NUMBER 
or  PHASE 
PARTICLES 
ATOMIZED 

NUMBER  OF  PHASE  PARTICLES 
COLLECTED  PER  CU  FT  OF 

AIR  SAMPLED 

Ultraviolet  Off  Ultraviolet  On 

PER  CENT 
REDUCTION 
BY  UV 
RADIATIONS 

1 

3.0  x  10* 

2*64  x  10® 

2.44  x  10s 

99.908 

2 

J.O  x  10® 

8*68  x  10® 

1.44  x  10® 

99.984 

3 

1.0  *  10! 

:  4.96  x  10® 

1,92  x  30® 

99.961 

4 

3,0  x  107 

1*39  x  ID4 

0 

100 

5 

3.0  x  10® 

6.56  x  10® 

.  0^  <?> 

100 

8  , 

3.0  x  10® 

128* 

0* 

100 

*  Sieve  sampler  used* 


\\ 


o 


129 


o 


D.  EFFECTS  ON  FUNGI 

(Collar  (174)  ititit  that  soldi  and  yeasts  ara  100  to  1000  tisss  aa  re- 
ilstant  to  tho  lothal  aotion  of  UV  radiation  aa  ara  bacteria*  Nagy  (216) 
haa  shown  that  variation  in  raaiatanoa  oorralataa  approxinataly  with  tha 
degree  of  plantation  of  tha  soldo  spares.  Soaa  of  tha  oolorlaaa  soldo 
and  yaaata  ara  only  slightly  sora  raaiatant  to  UV  radiation  than  soat  bao¬ 
taria  ,  Tabla  XXIV.  Colorad  sold  aporaa  ara  sany  tisaa  sora  raaiatant*  It 
was  alio  shown  that,  at  oartain  atagaa  in  thair  life  oyola,  soldo,  Juat  aa 
baotaria,  ara  sora  susceptible  to  UV  radiation*  Expoaing  tha  sold  apora  to 
a  low  intanaity  of  radiation  for  sany  hours  raquirad  fres  ona-fifth  to  one- 
tanth  tha  anargy  to  daatroy  tha  organiasa  aa  aisilar  organiasa  axpoaad  in  a 
pariod  of  sinutaa  to  tha  aasa  total  asount  of  anargy* 

The  traatsant  of  tobaooo  laavaa  with  UV  to  inaotivate  soldo  haa  baan 
triad  oooaaionally*  Doreaa  (66)  pointad  out  that  tha  eolor  of  tha  laavaa 
ia  altarad  by  UV  traatsant  and  that  othar  changaa  occur  in  tha  quality  of 
tha  tobaooo* 

Using  a  sarcury  tungatan  are,  Fulton  and  Coblanta  (91)  axpoaad  aporaa 
of  27  speoies  of  fungi  to  UV  radiation  for  ona  sinuta*  Sporaa  of  16  of  tha 
apaciaa  were  oosplataly  inactivated  and  four  apaoiaa  ahowad  a  survival  of 
loss  than  ona  par  oant*  UV  radiation  in  tha  Sohusann  region  (laaa  than 
2000A)  waa  found  by  Johnson  (163)  to  ba  destructive  to  tha  upper  layers  of 
tha  aycolius  of  Collvbaa  dryochila.  Sclarotlus  bataoioola,  and  lUaariua 
batacia*  Rassey  and  Hailey  (349)  found  that  irradiation  by  a  quarts  sarcury 
arc  atisulatad  tha  formation  of  aporaa  in  oulturaa  of  Haoroaporlus  tosato 
and  lUiarius  oanaa*  lha  sporaa  of  Puooinia  srasinia  t  rTB  siwere  sora 
easily  Inactivated  in  a  water  suapanaion  than  in  a  dry  atata  whan  irradi¬ 
ated  with  UV  radiation  by  Dillon-Kaston  (65).  Fatty  or  waxy  aaorationa 
undoubtedly  offer  protaotion  to  aosa  apaoiaa  of  fungi. 

Luekiesh  at  al  (192)  reported  tha  UV  dosages  raquirad  to  daatroy  95 
par  oant  of  various'  air-borne  mold  aporaa* ' 

°  *  <f 

Hierowatta  Par  Sq  Cs  to 
Inactivate  95  Par  Cant 


MOLD  SPORES 

Muoor  suoedo  1250 
^anlcillius  chrvaoianus  1150 
ScoouliriopolT  vm7aul^.a  1450 
ClaaosporfSTarbarus  1350 
AapargllluT* asataloflasl  1450 


YEAST 

Torula  aphaarioa  50 
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Studies  also  showed  that  when  two  bare  30-watt  hot  cathode  UV  lamps 
were  burned  in  a  room  of  approximately  3000  cubic  feet,  for  two  hours,  the 
number  of  air-borne  Penicillium  chrysogenum  spores  was  reduced  by  86  to  8? 
per  cent. 


E,  TOXIN-DESTROYING  POWERS 

O 

Most  available  information  concerning  the  action  of  UV  radiation  on 
bacterial  toxins  gives  little  information  as  to  the  intensity  of  the  radia¬ 
tions  or  the  wave  length  used,  These  studies  have  been  conducted,  for  the 
most  part,  in  special  apparatus  designed  either  for  the  preparation  of  anti¬ 
gens (110)  or  for  irradiating  the  blood  of  individuals  with  bacterial  in¬ 
fections  (100) *  Little  success  was  experienced  in  attempting  to  inactivate 
toxins  suspended  in  blood,  Hie  radiation  source  was  a  high-pressure,  water 
cooled,  mercury  quarts  lamp. 

The  following  data,  from  Habel  and  Sockrider  (110)  indicate  the  relative 
sensitivity  of  Shigella  dysentery  toxin  to  UV  energy,  as  compared  with  a 
bacterial  suspension  and  a  virus  emulsion. 


Exposure  Time  to 

Antigen  UV  Necessary  to  Ratio 

Inactivate  Antigen 


Typhoid  bacterial  suspension  10  seconds  1 
Rabies  virus  emulsion  10-80  seconds  1-8 
Shigella  dysentery  toxin  1200  seconds  120 

(20  min) 


The  bacterial  toxin  was  120  times  as  resistant  to  the  destructive  action 
of  UV  radiation  as  was  a  bacterial  suspension, 

Blundell  et  al  (32)  exposed  four  bacterial  toxins  in  blood  and  in  saline 
to  UV  radiation  Tn  a  Knott  homo-irradiator,  "Each  10  milliliters  of  the 
fluids  received  a  10-second  exposure  of  UV  irradiation  which  varied  in  wavs 
length  from  2398  to  3664  angstrom  units,"  Under  the  test  conditions,  UV 
radiation  had  no  detoxifying  action  on  the  four  toxins  when  they  were  sus¬ 
pended  in  blood.  In  saline  solution,  a  slight  detoxifying  action  was  noted 
on  tetanal  and  diphtherial  toxins,  but  not  on  staphylococcal  toxin  or  scarlet 
fever  streptococcal  toxin. 

In  general,  it  can  be  stated  that  bacterial  toxins  are  difficult  to  in¬ 
activate  with  UV  radiation)  inactivation  occurs  only  after  long  exposures 
to  high  intensities, 
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X.  PRACTICAL  USES  OF  ULTRAVIOLET  RADIATION 


A.  LITERATURE  REVIEW 

Sine#  the  advent  of  tho  low  preaaure  mercury  vapor  lamp  thara  haa  baan 
ranawad  intaraat  in  tha  application  of  UV  radiation  for  health  protection 
and  product  protection  Special  davieaa  have  baan  made  utilising  tha  bac¬ 
tericidal,  fungicidal,  virucidal,  toxin-inactivating,  therapeutic  (39),  and 
oiona  producing  properties  of  this  radiation.  Some  of  these  deviees  are  of 
considerable  value  in  preventing  infeotions  or  preserving  foods  and  other 
products*  Others  are  of  questionable  value  because  of  insufficient  radia¬ 
tion  or  lack  of  understanding  of  the  properties  of  gernicidal  energy.  A 
brief  survey  of  some  of  the  applications  of  gernicidal  radiation  will  be 
presented* 

1,  Toxins,  Viruses,  Vaccines,  and  Blood  Plasna 

Tho  early  work  on  nolds,  toxins,  and  filtrates  was  sunnarised  by 
Weloh  (303)  in  1930*  Unfortunately,  the  wave  lengths  and  the  quantity  of 
radiation  were  not  always  reported* 

In  1933,  Mayer  and  Dworski  (203)  reported  the  notion  of  UV  radia¬ 
tion  on  Mycobacterium  tuberculosis.  A  suspension  of  tuberole  baoilli  con¬ 
taining  2*1  xW  organisms  per  milliliter  was  killed  within  four  minutes 
by  absorption  of  1,42  x  10®  ergs  per  second  per  square  centimeter  from  the 
unfiltered  radiation  of  a  quarts  mercury  arc*  Exposure  to  6*93  x  10®  ergs 
per  second  per  square  centimeter  for  23  minutes  did  not  alter  the  aold-fnet 
staining  qualities  of  the  organisms*  Trotskii  et  al  (290)  in  1933  found 
that  bacteria  exposed  to  UV  radiation  lost  eonsllerSble  virulence  for  lab¬ 
oratory  test  animals  but  retained  their  antigenie  and  immunising  character¬ 
istics,  The  use  of  radiation  as  a  means  of  inactivating  baeterial  and 
viral  suspensions  in  the  preparation  of  immunising  antigens  oame  into  prom¬ 
inence  with  the  work  of  Hodes  et  al  (148)  on  rabies  virus.  Irradiation  of 
the  virus  for  45  minutes  produfed  suspensions  which  wore  avlrulent  for  mioo 
and  which  pos'oossod  ton  times  tho  immunising  properties  of  ohlorofom 
treated  virus  and  300  times  the  activity  of  phenolised  vaccines. 

These  and  other  reports  led  to  the  development  by  Oppenheimar  and 
Levinson  (231)  in  1943  of  an  apparatus  for  exposing  bacterial  and  viral 
suspensions  to  UV  radiation*  Levinson  et  al  (184)  in  1943  described  the 
production  of  rabies  and  St*  Louis  encspKaTTtis  virus  vaoeines  by  this 
method,  Mllser  et  al  (213)  of  the  same  laboratory  simultaneously  announced 
the  production  o7"a  radiation  inactivated  poliomyelitis  vaccine.  Earlier, 
Taylor  et  al  (282)  in  1941  showed  that  the  absorption  curve  for  equine 
encephalomyelitis  virus  resembles  the  absorption  of  radiation  by  baoteria* 
This  virus  was  inactivated  by  the  same  order  of  magnitude  of  radiatlod  as 
is  required  to  inactivate  Serratla  maroesoens*  Sarber  et  al  (233)  used  UV 
radiation  to  prepare  experimental  vaoeines  for  tuberculosis. 
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Hollaender  and  Oliphant  (163)  in  1944  ahowed  that  tha  aotion  apeo- 
trum  for  influanaa  virua  and  E.  ooli  ware  tha  aame.  About  20  par  oant  more 
energy  waa  naoaaaary  to  inactivate  influanaa  virua  than  to  daatroy  E.  ooli. 

In  1946  Oliphant  and  Hollaandar  (229)  ahowed  that  hapatitia  virua 
in  human  blood  plaana  or  aarum  can  be  dedtroyed  by  UV  radiation,  Kolf  at  al 
(322)  in  1947  and  Blanohard  at  al  (28)  in  1948  alao  daaoribad  tha  inactiva¬ 
tion  of  thia  virua  in  human  plaama.  In  1950  Cutler  at  al  (63)  irradiated 
human  blood  plaama  to  daatroy  tho  virua  oauaing  homologoua  aarum  jaundice. 

Variationa  of  tha  preceding  apparatua  uaing  ultraviolet  laapa  have 
bean  publiahad.  Habal  and  Sockrider  (110)  daaoribad  an  apparatua  which  in¬ 
corporated  a  15-watt ,  hot  cathode,  germicidal  lamp.  Tha  apparatua  of  Habal 
and  Sockrider  waa  modified  by  Boseman  at  al  (36)  for  uaa  in  aarum  and  vae- 
oina  production.  Banaai  (26)  in  1956  Heacribed  a  high  apaad  centrifugal 
filmer  for  tha  irradiation  of  liquida*  Tha  liquid  blood  plaama  or  baotarial 
or  virua  auapanaiona  are  irradiated  in  thia  type  of  apparatua  in  a  vary 
thin  film  of  approximately  0.25  millimeter.  Tha  abeorpticn  of  UV  by  blood 
ia  much  greater  than  tha  abaorption  by  water  aa  ahown  by  the  coefficient  of 
abaorption  of  2537A  radiation  for  blood  whioh  ia  approximately  71  par  oenti- 
matar  compared  with  water  which  ia  generally  laaa  than  0.2  par  eentimeter. 

Experience  with  tha  uaa  of  UV  for  tha  treatment  of  blood  plaama  to 
inaotivata  tha  cauaative  agent  of  aarum  hapatitia  demonatrataa  tha  impor¬ 
tance  of  correct  doaa  in  practical  applicationa  of  UV.  Mathoda  for  irradi¬ 
ating  thin  filma  of  plaama  with  2537A  /radiation  eatabliahed  prior  to  1950 
(28,322)  appeared  favorable  becauee  a  doaa  not  affecting  tha  aarum  proteins 
appeared  effective  in  reducing  tha  haaard  of  hapatitia.  Experience  between 
1950  and  1953  ahowed  that  admihietration  of  irradiated  blood  or  blood  prod- 
ucta  frequently  reaulted  in  aarum  hapatitia  (20,108,162,216),  although  it 
waa  later  reported  (217)  that  auch  caaea  exhibited  longer  incubation  perioda 
and  milder  illnaaaea  than  caaea  developing  after  the  Injection  of  nonirradi- 
ated  plaama.  Murray  at  al  (217)  found  that  tho  doaa  neceaaary  to  produoe 
atorillaation  of  the  plaama  cauaed  extern ive  changea  in  the  plaama  protein. 
Subaequently  other  treatment  methoda  have  been  employed  in  whioh  UV  irradia¬ 
tion  ia  combined  with  other  meana  of  diainfeotion  and  in  whioh  other  viruaea 
have  been  uaad  aa  a  teat  agent  in  determining  aterility, 

Smolena  and  Stokea  (271)  added  T4R  coliphage  to  normal  human  aenaa 
whioh  waa  then  irradiated  in  a  Dill  apparatua  (J.  J.  Dill  Company,  Kalamaaoo, 
Michigan)  and  alao  waa  treated  with  beta-propiolactone  at  aeveral  different 
oonoentrationa.  UV  treatment  alone  reduced  the  phage  count  from  87  x  10 '  to 
1070  partiolea  per  milliliter  of  aerum.  Addition  of  1.5  milligrame  of  beta- 
propiolactone  per  liter  of  aerum  inaotivated  the  remaining  phage  in  16  houra. 
Hartman  et  al  (132)  alao  uaed  UV  irradiation  in  conjunction  with  beta-propio- 
laotone  To  Treat  plaama  aamplea  to  whioh  had  been  added  10  per  oent  auapen- 
aiona  of  eaetern  equine  enoephalitia  or  enoephdlomyocarditie  virua.  Moat 
of  the  viral  partiolea  were  inactivated  by  the  treatment.  Amounta  of  beta- 
propiolactone  aufficient  to  give  coneietant  virua  inactivation  damaged  the 
plaama  proteins. 
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Buttolph*  (151)  has  suggested  tha  uia  of  Sarcina  lutea  aa  a  taat 
organ lam  for  hopatitla  virua  because  tho  characteristic  paokota  of  oalla 
may  aimulato  oluapa  In  plasma  wherein  viral  particles  may  reside.  Storaga 
of  irradiatad  plaama  for  prolongad  parioda  at  room  tamparatura  (3,4)  ia 
ona  mathod  praaantly  uaad  to  randar  plaama  safe  for  madioal  uaa. 

In  1934,  Knott  and  Hanoook  (172)  publiahad  a  mathod  for  irradiating 
tha  blood  of  individuala  auf faring  from  baotarial  infactiona,  Tha  irradi¬ 
ating  maohina  (eommareially  known  aa  tha  Knott-Hemo-Irradiator)  waa  daaignad 
ao  that  blood  from  tha  patiant  waa  oiroulatad  in  a  oloaad,  tubular  ayatam 
through  a  quart a  irradiation  ohamber.  Tha  radiation  aouroa  waa  a  watar 
ooolad  maroury  quart a  lamp.  Tha  wava  langth  of  radiation  amittad  from  tha 
lamp  variad  from  2399A  to  3664A.  Bargar  and  Knott  (18)  aummariaad  a  liat 
of  diaaaaaa  which  can  ba  controlled  by  thia  mathod  of  irradiation.  Blundall 
at  al  (32)  in  1943 demonatrated  that  bacteria  and  toxina  in  tha  blood  are 
not  affectively  daatroyad  by  thia  method. 

2.  Watar  Stariliaation 

Ultraviolet  energy  from  high  preaaure  mercury  arc  lampa  haa  bean 
uaad  ainoa  1909  for  tha  atariliaation  of  watar  (75).  A  number  of  citiaa  in 
Europe  aa  wall  aa  in  thia  country  have  had  inatallationa  oapabla  of  handling 
aa  much  aa  three  million  gallona  of  watar  par  day.  Aa  lata  aa  1935,  UV 
lampa  ware  installed  in  England  and  Germany  for  the  atariliaation  of  watar 
in  swinging  pools  and  city  watar  supplies .  Since  tha  ooat  of  this  mathod 
of  treatment  greatly  exceeded  that  of  chlorination  or  oaona  treatment,  its 
use  became  limited  to  speoial  applications.  Introduction  of  tha  low  pres¬ 
sure  leeroury  diaoharga  lamps  haa  revived  thia  application. 

Preliminary  atudies  on  tha  disinfection  of  watar  with  low  pressure 
diaoharga  lampa  ware  published  by  Luekieeh  and  Holladay  (186)  and  Luokiesh 
at  ml  (190).  A  small  practioal  unit  was  deaoribad  by  Rieka  at  al  (248). 

Faotora  of  importance  in  treating  waters  with  UV  radiation  are  tha 
coefficient  of  absorption  of  2587A  and  tha  tamparatura  of  tha  water.  Tam¬ 
paratura  ia  important  because  it  may  limit  tha  UV  output  of  maroury  vapor 
lamps.  Thus  at  50°F  tha  UV  output  of  a  high  intensity  lamp  will  be  only 
20  par  cant  of  that  obtained  at  tha  optimum  of  105°F. 

Thera  have  bean  various  statamanta  regarding  tha  suaoaptibility  of 
organisms  in  watar  aa  oompared  to  air-borna  or  surfaeo-bome  organisms. 
Luokiesh  (185)  on  tha  basis  of  hia  studies  indicated  that  approximately 
five  times  as  much  energy  waa  required  to  inaotivata  E.  coli  in  watar  as 
for  tha  aame  organism  on  agar  aurfaoaa.  Others  have  stated  that  40  to  50 
times  as  muoh  exposure  ia  necessary  to  diainfaot  watar  as  oompared  to  or¬ 
ganisms  suspended  in  dry  air  (98).  Aooursta  comparison  of  tha  various 
studies  is  *  difficult  baoausa  of  tha  faotora  of  tamparatura  and  absorption 
coefficients.  Consequently,  these  factors  must  always  ba  determined  and 
their  influence  noted.  Another  obvious  consideration  ia  that  baffles  and 


a  Cited  in  Hollaender. 
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oth«r  devices  must  be  Included  to  insure  that  all  water  will  receive  suffix 
oient  radiant  energy.  Table  XXXII  shows  results  furnished  by  Nagy  of  ex¬ 
periments  conducted  in  a  six-inch  diameter  cylinder  containing  lamps  emit¬ 
ting  a  total  of  9.62  watts  of  2537A.  The  water  at  52°F  contained  1200 
E,  coll  organisms  per  milliliter  before  treatment* 


Several  models  of  an  l!V  water  "steriliser"  in  which  high-intensity 
lamps  are  used  are  commercially  available.*  Units  capable  of  treating  up 
to  166  gallons  per  minute  are  advertisod.  Tests  conducted  with  E.  coll 
showed  that  the  units  effectively  reduce  the  bacterial  count  when  waler 
with  a  low  coefficient  of  absorption  is  used.  When  properly  used  with 
water  having  an  E.  coli  count  of  approximately  1200  organisms  per  milliliter, 
the  units  will  glveTr'least  99.99  per  cent  kill  of  the  organisms. 


TABLE  XXX11.  INACTIVATION  OF  E.  COLI  IN  WATER  IN  A 
SIX-INCH  DIAMETER  CylTHCER 


GALLONS  PER  HOUR 

PER  CENT  INACTIVATION  OF  E.  COLI 

1480 

1.00 

2239 

99.6 

2768 

99.5 

3480 

99.2 

4500 

98.5 

5382 

94.0 

Conditions*  Water  temperature  -  52°F 

Coefficient  of  absorption  of  water  -  0.19  per  cm 
Test  organisms  -  1200  E.  coli  organisms  per  ml  of  water 
UV  lamp  output  -  9.62  watts  of  2637A 


Cortelyou  et  al  (49)  studied  the  effectiveness  of  a  small  water 
purifier  on  several" wale r-borne  bacteria.  The  purifier  unit**  utilises  a 
4-watt  hot  cathode  lamp  mounted  in  a  metal  head  which  is  designed  to  attaoh 
to  a  screw-on  glass  jar.  Exposure  of  water-borne  particles  at  four  flow 
rates  between  0.5  and  2  quarts  per  minute  is  obtainod  by  means  of  baffles. 
Dosage  measurements  with  a  depreciatsd  lamp  indicated  that  the  expected 
values  for  water-borne  bacteria  at  the  four  flow  rates  was  at  least  300  to 
1240  milliwatt-minutes  per  square  foot.  The  highest  dosage  showed  100  per 
cent  destruction  of  as  many  as  20,000  Salmonella  typhosa  organisms  per  milli¬ 
liter  of  treated  water.  E.  coli  in  a  concentration  of  13  x  104  organisms 


»  Aquafine  Corp.,  1005  S.  Santa  Fe  Ave. ,  Los  Angeles  21f  California. 

*«  URF  UV  water  purifier,  Model  IC  196,  URF  Products,  Inc.,  River  Forest, 
Illinois. 


per  milliliter  were  99*97  to  99*99  par  oant  removed  at  tha  four  flow  ratal* 
From  99*89  to  99.99  par  oant  of  Staphylococcus  aureus  In  an  Initial  concen¬ 
tration  of  34  x  10s  organisms  par  milliliter  ware  likewise  inactivated. 

Lower  affioiancias  ware  obtained  with  Bacillus  subtills  suspensions,  nixed 
speoies  of  organisns,  and  naturally  polluted  waters,  fhe  dose  levels  given 
agree  substantially  with  other  data  presented  in  this  report. 

"  A  number  of  larger  DV  Water  treatnent  apparatus  using  one  to  four 
or  more  G36T8  UV  lamps  are  also  available  (1,2,207).  The  newer  units  made 
by  these  companies  use  quarts  tubes  to  enolose  the  lamps  so  that  the  temper¬ 
ature  of  the  water  does  not  influence  the  output  of  the  lamp.  Prom  300  to 
3,000  gallons  per  hour  of  potable  water  can  be  obtained.  They  have  been 
used  in  the  dairy,  brewing,  and  pharmaceutical  industries  where  ohlorine 
could  oause  oxidation  of  the  product.  The  effioienoy  of  any  UV  water  ster¬ 
iliser  is  dependent  upon  the  amount  of  radiation,  the  degree  of  mixing,  the 
turbidity  of  the  water,  and  the  transmission  of  UV  through  the  water.  It 
is  apparent,  however,  that  UV  purifier  units  for  water  oannot  be  depended 
upon  to  completely  inactivate  all  forms  of  mierosoopio  life,  especially  if 
some  turbidity  is  present* 

C 

Calculations  have  been  made  for  the  rates  of  disinfection  of  waters 
of  various  coefficients  of  absorption  when  seeded  with  vegetative  baoteria. 
In  general  it  was  found  that  potable  water  usually  can  be  produoed  by  the 
application  of  one  watt  of  2837A  radiation  for  each  100  gallons  per  hour  of 
water  flow,  providing  the  water  has  had  an  absolution  ooeffioient  of  0.19 
per  inch  or  less. 

3.  Hospitals 

Sinoe  surgery  was  first  performed,  air-borne  organisms  have  been  a 
serious  problem.  Many  post-operative  infections  and  deaths  result  from 
these  air-borne  organisms.  Lister  sprayed  carbolic  sold  to  eliminate  in¬ 
fectious  organisms  from  the  air  but  this  is  not  possible  today. 

Althougi  baotericidal  lamps  are  used  in  few  hospitals,  a  consider¬ 
able  amount  of  information  is  available  describing  hospital  applications 
of  UV  radiation.  In  addition,  many  of  the  applioat ions  found  worthy  of  use 
in  infeotious  disease  laboratories  obviously  oan  be  used  to  advantage  in  the 
hospital.  As  with  other  applications,  proper  and  successful  application  of 
UV  radiation  in  hospitals  demands  (a)  use  of  the  proper  intensities  and 
exposure  times,  (b)  proper  maintenance  and  replacement  of  UV  lamps,  and  (e) 
personnel  protection,  where  necessary. 

As  mentioned  elsewhere,  it  is  also  necessary  to  have  an  understand¬ 
ing  of  the  limitations  of  the  use  of  UV  radiation.  UV  radiation  is  not  the 
"solver  of  all  problems,"  and  in  no  instance  should  its  use  be  substituted 
for  proper  aseptic  technique  and  good  housekeeping. 
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In  presenting  t  brief  diseussion  of  the  hospital  applications  of 
germicidal  radiation ,  it  is  pointless  to  do  nore  than  mention  the  numerous 
opportunities  which  may  exist  for  the  spread  of  infeotious  diseases  in  suoh 
institutions*  Infections  have  been  spread  by  the  air,  through  clothing, 
and  by  thermometers,  instruments,  and  other  fomaties.  Hospital-incurred 
infeotions  can  oocur  in  the  operating  room,  infant  wards,  patient  wards, 
hospital  laboratory,  laundry  or  any  other  place  in  the  hospital.  Recently, 
epidemics  of  staphylococcal  infections  have  been  noted  in  many  hospitals* 

Based  on  a  nine  year  study  of  operative  wounds,  Meleney  (209)  esti¬ 
mated  that  between  30,000  and  60,000  viable  organisms  fell  upon  the  "sterile" 
field  during  the  course  of  an  hour's  operation*  These  figures,  however, 
are  extremely  high  for  present  day  hospitals.  In  a  survey  of  37  operating 
rooms  in  17  states,  Hart  (122)  demonstrated  the  universal  presenoe  of  patho- 
genio  bacteria  in  operating  rooms  during  oceupancy.  Most  of  the  infeotions 
of  clean  wounds  were  believed  to  be  oaused  by  air-borne  ataphylococoi  fall¬ 
ing  into  the  wound  or  on  sterile  supplies.  The  number  of  organisms  set¬ 
tling  on  a  Petri  dish  during  an  operation  varied  from  21  to  188  with  an 
average  of  67.  An  experiment  carried  out  using  Petri  plates  of  blood  agar 
plated  with  hemolytio  Staphylococcus  aureus  were  plaoed  at  an  operative 
site  and  exposed  from  one  to  three  minutes  to  UV  radiation.  Air-borne  bac¬ 
teria  were  reduced  from  95  to  100  per  cent.  The  intensity  of  radiation  did 
not  cause  an  appreciable  burn  during  an  exposure  of  ninety  minutes.  Hart 
(120)  first  discussed  the  feasibility  of  an  operating  room  with  air  ourronts 
from  other  parts  of  the  hospital  eliminated  and  using  direot  sunlight. 
Artificial  sources  of  UV  radiation  were  used  to  prove  or  disprove  that  bao- 
teria  in  the  air  were  the  chief  souroe  of  danger  and  "unexplained  infeotions" 
and  could  be  controlled  by  the  elimination  of  air-borne  organisms. 

Hart  and  Jones  (128)  reported  that  pathogenic  bacteria  exhaled  by 
the  operating  room  personnel  were  the  predominant  oauso  of  infeotions  in 
'tclean  incisions.^'  Hart  (122)  reduced  the  number  of  bacteria  by  rigid  iso¬ 
lation  in  the  operating  rooms.  Bscause  of  the  low  filtration  eff icienoy  of 
surgical  gauss  masks  (109),  large  heavy  masks  were  sorn  over  the  nose  and 
mouth  by  all  oeeupants  of  the  operating  rooms  at  all  times,  regardless  of 
whether  an  operation  was  in  progress.  By  irradiating  the  air  with  UV  radia¬ 
tion,  it  was  possible  to  obtain  less  than  one  colony  per  open  Petri  plate 
per  hour  of  exposure  in  the  operative  field.  Unexplained  infeotions  in 
"clean  incisions"  are  praotically  nonexistent. 

In  a  series  of  publications  starting  in  1936  and  extending  over  a 
period  of  years  during  which  time  thousands  of  operations  were  done,  Dr.  Hart 
and  his  associates  (121-129,323)  have  clearly  demonstrated  the  benefits  of 
using  UV  radiation  in  the  operating  room.  The  reduotion  of  pathogenic  organ¬ 
isms  in  the  operating  room  will  have  the  following  effeetss 

(a)  Reduction  of  post -operative  infections  by  85  per  cent. 

(b)  Eliminates  occasional  death  from  Infection. 

\\  ' 


(o)  Reduces  the  poit-operative  temperature, 

(d)  Reduett  the  duration  of  post-operative  temperature* 

(e)  Improve*  wound  healing. 

(f)  Let tent  eyetemio  reaotione* 

(g)  Shortens  convalescence. 

These  effects  were  most  pronounced  in  patients  subject  to  ex¬ 
tended  surgery. 

Rentschler  et  al  (247)  and  Sharp  (266-268)  have  shown  that  less 
than  10y000  microwaTT-seconds  of  2R37A  radiation  (166  microwatt-minutes) 
will  destroy  most  common  pathogenic  organisms.  Khat  effeot  would  this 
energy  have  on  living  tissue?  Hart  et  al  (130)  have  shown  that  intensi¬ 
ties  of  about  20  microwatts  per  square  centimeter  oause  no  demonstrable) 
harm  to  skin,  peritoneum,  meninges,  or  other  tissues  exposed  during  arf 
operation.  Kraissi  et  al  (176)  and  Fraser  (89)  demonstrated  that  micro¬ 
organisms  are  destroyedTefore  injury  to  tissue  oocurs.  Odom  et  al  (227) 
exposed  the  brains  of  twelve  dogs  to  an  intensity  of  16  microwatts  per 
square  centimeter  for  as  long  as  30  minutes  with  no  pronounced  effect  on 
the  tissue. 

Extensive  use  of  baotericidal  radiation  has  been  made  in  construc¬ 
tion  of  the  new  Duko  University  Hospital  in  Durham,  North  Carolina.  All 
of  the  sir  and  personnel  in  the  operating  theaters  are  exposed  to  direot 
radiation  (Figure  32).  A  preparation  room  designed  to  supply  all  of  the 
operating  robms  is  also  irradiated  with  direot  bactericidal  radiation 
(Figure  33).  Protection  of  the  face  and  neck  is  necessary  when  direot 
radiation  is  employed  (Figure  34).  A  one-half  hour  exposure  of  bare  skin 
to  an  intensity  of  20  microwatts  per  square  oentimeter  will  produce  a  mild 
erythema.  Simple  protective  clothing  and  eye  shields  are  used  by  the 
operating  team.  This  has  not  been  found  to  be  a  problem  at  this  hospital. 

Another  method  of  irradiating  air  in  an  operating  room  is  to  use 
indireot  radiation.  UV  lamps  in  specially  designed  fixtures  are  hung  on 
the  wall  in  a  manner  so  that  only  the  upper  air  of  the  room  is  irradiated. 
The  recommended  average  intensity  of  2537A  radiation  In  the  upper  air  sone 
is  50  microwatts  per  square  centimeter.  The  fixtures  are  hung  6^  to  7  feet 
from  the  floor.  The  normal  oiroulation  of  air  in  the  room  exposes  most 
air-borne  organisms  to  the  high  intensity  radiation  in  the  upper  portion  of 
the  room.  The  average  reduction  of'  air-borne  organisms  is  about  60  to  70 
per  cent.  Published  figures  are  not  available  on  the  reduction  of  the  in¬ 
cidence  of  infection  of  plean  wounds  by  this  method.  Based  on  previous 
data  it  would  be  logical  to  assume  that  the  reduction  of  infeotion  would  be 
proportional  to  the  reduction  of  air-borne  organisms. 
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Special  fixture*  and  cabinet!  with  UV  lamp*  have  been  used  by  Hart 
(119)  and  by  Post  (240,241)  in  eye  surgery,  to  protect  sterile  instruments 
from  air-borne  organisms. 

Generally,  more  attempts  are  made  to  supply  sterile  air  to  operat¬ 
ing  rooms  than  other  sections  of  a  hospital.  Robertson  and  Doyle  (254)  have 
shown  that  cubicles  in  an  infant  ward  had  an  average  of  61  organisms  per 
cubic  foot.  A  large  ward  had  an  average  of  360  organisms  per  cubic  foot, 
while  tests  in  an  outpatient  department  had  an  average  of  407  organisms  per 
cubic  foot  but  some  days  the  counts  were  as  high  as  706  organisms  per  cubic 
foot.  A  series  of  tests  by  Robertson  et  al  (256)  showed  that  barriers  of 
UV  radiation  were  effective  in  preventTngTh*  spread  of  artifieally  intro¬ 
duced  bacteria  from  cubicle  to  cubicle.  Robertson  et  al  (255),  in  a  two 
and  one-half  year  study  on  the  us*  of  curtains  of  cV" ra3iation  and  upper 
aii<*  irradiation  in  a  children’s  hospital,  also  showed  that  there  was  a  re¬ 
duction  in  the  number  of  respiratory  infections  in  infants.  Higgons  and 
Hyde  (143,144)  in  a  three-year  study,  demonstrated  that  UV  radiation  in  a 
children's  hospital  reduced  the  incidence  of  respiratory  infection  by  as 
much  as  33  per  cent.  Friedorissick  (90)  showed  that  indirect  UV  radiation 
in  a  children's  hospital  reduced  to  a  considerable  degree  the  infeotions  of 
upper  respiratory  tract  and  their  complications. 

UV  lamps  have  been  employed  in  tuberculosis  hospitals.  MacVandiviere 
et  al  (198)  demonstrated  that  indirect  ultraviolet  radiation  in  a  hospital 
room  destroyed  over  70  per  oent  of  air-borne  organisms,  some  of  which  were 
M.  tuberculosis. 

Recently  Riley  et  al  (251,252)  have  conducted  experiments  in  a  tu¬ 
berculosis  ward  to  evaluate  the  value  of  UV  radiation  in  preventing  the  air¬ 
borne  spread  of  M.  tuberoulosis.  A  curtain  of  radiation  is  used  to  prevent 
the  spread  of  air-borne  tubercle  bacilli  from  the  patient's  rooms  to  other 
portions  of  the  hospital,  and  upper  air  irradiation  is  used  in  each  patient's 
room.  As  a  testing  procedure  all  of  the  air  exhausted  from  the  rooms  is 
passed  to  a  chamber  in  the  attic  where  guinea  pigs  are  housed.  Preliminary 
tests  with  sprayed  tubercle  baoilli  demonstrated  the  effedtiveness  of  UV 
radiation.  Control  tests  were  conducted  in  the  ward  with  the  UV  turned  off. 
The  authors  hoped  to  relate  a  quantum  of  infeotion  for  a  nurse  to  the  rate 
of  guinea  pig  infections.  From  the  results  of  the  first  several  months  of 
the  control  test  it  was  estimated  that  on*  guinea  pig  infectious  dose  was 
contained  in  each  12,000  cubic  feet  of  ward  air.  Further  experiments  are 
in  progress  to  determine  the  effect  of  UV  radiation  on  the  infectiousness 
of  the  ward  air. 

High  intensity  radiation  has  also  been  used  in  some  hospital  au-  , 
topsy  rooms  to  destroy  organisms  on  the  tables,  floor  and  in  the  air. 

Rosenstem  (261),  in  an  adoption  nursery  (infants  on*  to  thro* 
months)  of  36  cribs,  compared  three  systems  for  the  prevention  of  respira¬ 
tory  contagion  in  the  cradle.  They  Were  (a)  air  conditioning,  (b)  air 
conditioning  plus  UV  barriers  in  front  of  oubicles,  and  (c)  barrier  units 
having  each  cubicle  closed  off  and  with  a  separate  air-conditioning  system. 
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Clinical  observation*  over  a  period  of  two  years  showed  that  air-oonditioning 
methods  did  not  prevent  the  spread  of  respiratory  infection  whereas  the  other 
two  methods  efficiently  prevented  cross-infection. 

McKhann  et  al  (206)  reported  that  chicken  pox  failed,  except  in  one 
casey  to  spread  Trom  12  cases  treated  over  a  period  of  five  months,  in  an 
isolation  ward  to  120  other  children  on  the  same  floor  who  were  separated 
from  the  infected  room  by  an  UV  barrier. 

Green  et  al  (106)  were  engaged  in  a  study  of  the  effectiveness  of 
UV  radiation  in  sTome  for  infants  and  children  when  an  epidemio  of  ohicken 
pox  occurred.  At  that  time  they  had  under  study  two  infants'  wards,  on* 
with  and  the  other  without  UV  lamps.  Ninety-seven  per  cent  (165  of  170)  of 
the  children  who  were  housed  in  the  unirradiated  main  building  and  18  of  19 
in  the  unirradiated  control  ward  contracted  chioken  pox.  In  the  irradiated 
ward  not  a  single  case  of  chicken  pox  developed.  It  is  interesting  that  a 
night  nurse  in  the  latter  ward  also  cared  for  children  in  the  adjoining  ward 
where  the  incidence  of  infeotion  was  nearly  100  per  oent. 

o 

4.  Schools 

Nells  (305)  reported  that  for  three  successive  years,  young  children 
in  UV  irradiated  rooms  of  a  school  were  spared  not  only  from  Chioken  pox 
but  from  mumps  as  well,  when  these  diseases  were  prevalent  in  other  parts 
of  the  school.  He  also  has  shown  (304)  that  the  us*  of  UV  radiation  in 
school  rooms  housing  primary  classes  gave  a  very  marked  reduction  in  the 
number  of  cases  of  measles  as  compared  with  a  similar  group  housed  in  unir¬ 
radiated  rooms. 

The  school  tests  of  Nells  were  duplicated  in  a  modified  form  by 
many  investigators.  Perkins  et  si  (235)  reported  that  UV  radiation  modified 
the  spread  of  measles.  Iiahlke  eT"al  (16)  observed  differences  in  the  rat* 
of  spread  of  chicken  pox  but  could  not  find  that  the  radiation  had  any  ef¬ 
fect  on  the  spread  of  mumps.  Nells  and  Holla  (309)  reported  that  UV  lamps 
were  effective  in  disinfecting  the  air  in  the  school  room  during  the  winter 
months  but  ineffective  during  the  moist  spring  months.  It  should  be  noted 
that  the  quantity  of  bactericidal  radiation  in  these  tests  was  less  than 
that  used  in  other  experiments  (305).  The  amounts  of  radiation  used  by 
other  authors  was  also  different  so  that  it  is  difficult  to  compare  the  re¬ 
sults  of  the  various  investigators.  Gilereas  et al  (103)  reported  that  they 
observed,  over  a  period  of  four  years,  an  average  of  42  per  cent  reduction 
of  the  total  number  of  air-borne  bacteria  in  school  rooms  with  UV  radiation. 
Downes  (67),  however,  could  not  find  evidence  that  UV  radiation  in  sohools 
effected  the  incidence  of  illness.  However,  in  these  studies  only  two  30- 
watt  germicidal  lamps  in  reflector  fixtures  were  used  per  school  room. 
Luckiesh  et  al  (191)  showed  that  four  such  lamps  should  be  used  to  obtain  a 
reasonable  germicidal  effect  in  a  school  room.  Gclphorin  et  al  (96) 'also 
observed  only  a  minor  reduction  of  respiratory  diseases  ofrchXTdrsn  in 
sohools  irradiated  with  UV  radiation,  Gilereas  et  al  (104)  later  reported 


143 


*  reduction  of  microorganisms  in  the  school  room  without  a  reduction  of  the 
incidence  of  disease.  They  believed  that  the  major  transmission  of  disease 
occurred  on  school  buses  and  outside  of  school  hours.  Air  in  the  buses 
contained  from  620  to  3780  organisms  per  cubic  foot  with  an  average  of  980. 
The  average  number  of  organisms  in  the  school  room  was  found  to  be  34  per 
cubic  foot  of  air.  • 

The  Medical  Research  Council,  England,  (207)  reported  the  results 
of  a  three-year  study  of  UV  lamps  in  schools.  The  "examination  of  individ¬ 
ual  causes  of  absenteeism  suggested  that  irradiation  probably  reduced  the 
number  of  absences  due  to  certain  diseases  by  amounts  between  16  to  45  per 
cent."  The  numbers  of  air-borne  hemolytic  streptococci  counted  over  a 
period  of  six  months  were  reduced  by  about  80  per  cent  while  the  oVer-all 
reduction  in  air-borne  organisms  was  about  70  per  cent.  The  radiation  did 
not  appear  to  reduce  the  large  group  of  ill-defined  upper  respiratory  in¬ 
fections  such  as  the  common  cold  which  accounted  for  most  absences. 

i ; 

5.  Miscellaneous  Applications 

UV  is  often  employed  to  maintain  sterile  Conditions  during  packag¬ 
ing  of  pharmaceutical  and  biological  products.  One  concern  has  reported 
the  successful  use  of  a  special  hood  into  whioh  UV  treated  air  is  passed 
(156).  A  sketch  of  this  hood  is  shown  in  figure  35.  A  number  of  modifi¬ 
cations  of  this  hood  are  in  use  in  other  pharmaoeutieal  houses  at  the  pres¬ 
ent  time. 

Matelsky  (202)  has  reported  the  use  of  UV  radiation  by  a  pharmaceu¬ 
tical  products  company  to  prevent  the  spread  of  infectious  agents  from  ex¬ 
perimental  animals  to  workers. 

Ultraviolet  radiation  has  been  used  in  the  United  States  and  Canada 
by  sugar  refineries  to  eliminate  thermophilic  bacteria  and  yeasts  present 
on  sugar  crystals  (27,113).  Ultraviolet  lamp*  also  are  used  to  prevent 
mold  growth  on  liquid  sugar  in  the  storage  tanks. 

Nelson  and  Matelsky  (222)  reported  good  results  with  the  use  of  UV 
radiation  in  a  cherry  packaging  plant.  The  placement  of  lamps  in  vital 
spots  reduced  the  total  bacterial  air  count,  eliminated  Myooderm  scum  on 
processed  cherries  and  eliminated  mold  growth  on  the  surfaoe  of  casks, 

‘n: 

Coblent s  (45)  reported  in  1942  on  the  testing  of  an  artificial  UV 
applicator  designed  for  use  by  the  medical  profession  for  irradiating  the 
fundus  of  deep  cavities.  He  concluded  that  the  applicator  was  a  dangerous 
instrument  unless  the  intensities  received  by  the  patient  in  the  deep 
cavities  wero  rigidly  controlled. 

The  use  of  UV  radiation  has  been  suggested  many  times  for  the 
pasteurisation  of  milk.  As  yet,  no  proved  method  has  been  developed  for 
efficient,  large  scale  treatment  of  such  liquids.  Most  suggested  methods 
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have  involved  the  exposure  of  a  thin  film  of  the  liquid  to  high  intensity 
UV  radiation.  Nioholaon  (224)  in  1947,  designed  a  snail  pasteurising  unit 
for  milk  which  he  recommended  for  use  on  small  dairy  farns.  The  apparatus 
was  reputed  to  produoe  milk  with  baoterial  counts  of  less  than  2500  organ¬ 
isms  per  milliliter.  The  milk  was  exposed  to  UV  radiation  as  it  flowed 
over  rotating  oylinders.  By  controlling  the  speed  of  the  cylinders,  the 
thickness  of  the  film  of  milk  oould  be  adjusted.  A  fan  was  used  to  remove 
the  osone.  Radiation  was  supplied  by  a  battery  of  eight,  15-watt  hot 
cathode  lamps.  In  addition  to  the  low  baoterial  count,  it  was  olaimed  that 
the  flavor  of  the  milk  was  improved. 

Nagy  (220)  reported  on  a  method  for  the  sterilisation  of  opaque 
liquid  by  passing  the  liquid  through  long  seotions  of  small  diameter  Vyoor 
tubes  with  the  high  intensity  lamps  on  the  outside  of  these  tubes.  In 
this  manner  the  liquid  would  not  be  exposed  to  osone  or  other  gases.  Rapid 
movement  of  the  liquid  in  the  tubes  would  greatly  inorease  the  turbulenoe 
so  that  all  of  the  liquid  would  be  esqposed  to  the  radiation.  Milk  exposed 
in  this  manner  acquired  an  undesirable  flavor.  It  was  believed  that  the 
2537A  radiation  altered  some  of  the  sulphur  containing  proteins.  The  "off" 
flavor  was  a  result  of  this  photochemical  reaction  rather  than  oxidation 
by  osone. 

Laboratory  devices  using  UV  radiation  have  been  used  as  a  means  of 
sterilising  sugar  solutions,  culture  media,  and  tissue.  One  such  apparatus 
was  reported  by  Carlson  et  al  (43).  A  small  aluminum  lined  box  containing 
an  8-watt  germicidal  lamp  was  used,  Processed  X-ray  film  was  used  over  the 
top  of  the  box  to  prevent  the  radiations  from  reaching  the  'eyes.  Liquids 
were  sterilised  in  small  quarts  flasks.  Advantages  claimed  for  this  method 
of  sterilisation  were  (a)  no  loss  of  water,  (b)  no  heat-induced  ohemioal 
reactions,  (c)  solutions  may  be  prepared  with  unsterile  pipettes,  and  (d) 
time  saving)  exposure  times  as  short  as  five  minutes  were  sufficient*  The 
primary  disadvantage  listed  was  that  prolonged  exposure  to  UV  radiation  may 
produce  chemical  changes  in  some  substanoes* 

A  device  called  the  "Baryaire"  has  been  manufactured  by  Hanovia 
Chemical  and  Manufacturing  Company.  It  was  recommended  that  these  units 
be  placed  in  hospital  corridors  to  prevent  cross-infeotion  by  isolating 
oertain  areas.  A  blower  was  utilised  to  draw  the  air  over  the  UV  lamp* 
Magondeaux  (199)  claimed  that  air-borne  microorganisms  oould  not  be  car¬ 
ried  past  the  UV  barrier.  A  sketch  of  this  unit  is  shown  in  Figure  36. 

Dr,  M.  B.  Lurie  of  the  University  of  Pennsylvania  has  reported  over 
a  period  of  years  on  air-borne  transmission  of  tuberoulosis  and  its  control 
by  UV  radiation.  These  studies  contain  many  valuable  data  applioable  to 
the  problem  of  safe  storage  and  handling  of  infected  animals.  Lurie  (194) 
demonstrated  that  air  is  a  natural  vehicle  of  the  contagion  of  tuberculosis 
in  animals  and  that  normal  rabbits  and  guinea  pigs  aoquired  pulmonary  tuber¬ 
culosis  when  placed  in  individual  open  cages  in  a  room  housing  animals  in¬ 
fected  with  tubercle  bacilli. 
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Other  publication*  described  the  uia  of  UV  radiation  to  prevent 
the  apraad  of  air-born*  infaotion  of  tubarouloaia  in  aniaala  (105-197,308). 
Two  idantical  animal  roona  wara  uaad.  Each  roon  had  two  cage  racks  for 
housing  rabbits  plaoad  several  inch**  apart.  Znfaotad  aninals  war*  plaoad 
in  on*  oago  raok  and  uninfected  rabbits  in  th*  othar.  Ona  room  was  aquippad 
with  UV  radiation  with  tha  lamps  placed  horisontally  in  th*  apaoa  batwaan 
th*  two  oaga  racks  at  aach  shalf  laval  radiating  downward.  Also,  UV  lamps 
war*  plaoad  abov*  and  balow  tha  eag*  raoka.  Th*  experiment  was  carried  on 
ovar  a  period  of  on*  year  during  which  tim*  11  of  th*  15  uninfaotad  rabbits 
in  th*  unirradiatad  rooms  died  of  tubaroulosis.  Thro*  of  th*  remaining 
rabbits  developed  a  "regressive  microscopic  tuberele"  and  non*  developed  _ 
tuberculin  sensitivity.  Non*  of  th*  control  rabbits  in  th*  irradiated  room 
contracted  tuberculosis.  '’Thus  a  73  psr  cant  r**tality  from  tuberculosis 
was  eliminated  by  UV  radiation."  / 


Th*  application  of  germicidal  UV  radiation  falls  logically  into  two 
categories,  product  protection  and  personnel  protection.  Th*  majority  of 
th*  UV  lamps  in  us*  today  ar*  for  purposes  of  produot  protection,  although 
new  research  in  th*  field  of  public  health,  laboratory  hasards,  etc.,  will 
probably  incraas*  tha  us*  of  germicidal  energy  for  personnel  protection. 
Below  ar*  listed  a  few  of  the  applications  of  UV  radiation  and  oertain  in¬ 
dustries  in  which  germicidal  lamps  ars  commonly  utilised! 
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Application*  for  G«rmicidal  UV  Radiation* 

(1)  Preparation  and  packaging  pharmaceutical  product* 

(2)  Sanitation  of  drinking  glasses,  plate*  and  outlery 

(3)  Sanitation  of  wall*  and  fixture*  in  bathroom* 

(4)  Killing  thermophilic  bacteria  in  sugar 

(6)  Vaccine  production 

(6)  In  air-conditioning  units 

(7)  Hospital  nursery  rooms 

(8)  Operating  rooms 

(9)  Dairies 

(10)  Bottling  plants 

(11)  Preparation  of  blood  plasma 

(12)  Poultry  and  animal  protection 

(13)  Protection  of  baked  goods  from  mold 

(14)  Protection  of  meat  from  mold  and  baoteria 

(15)  Tenderisation  of  meat 

(16)  Cold  storage  of  fruits  and  vegetables 

(17)  Sterilisation  of  water 

(18)  Schools 

(19)  Aging  of  cheese 

(20)  Breweries 

(21)  Sterilisation  of  supply  or  exhaust  air 

(22)  Preparation  of  wine 

UV  radiations  can  be  used  in  infectious  disease  laboratories  for 
personnel  protection  as  well  as  for  product  protection.  In  the  literature 
reviewed,  no  comprehensive  study  of  practical  types  of  installations  for 
personnel  protection  could  be  found  exoept  those  studies  dealing  with  the 
useof  UV  in  air-conditioning  systems*  Various  types  of  barriers  and  locks 
have  been  reported  but  design  details  and  adequate  evaluation  tests  were 
lacking. 


A  comprehensive  experimental  program  directed  toward. the  design 
and  evaluation  of  specific  UV  installations,  suitable  for  use  in  infeotious 
disease  laboratories  has  been  conducted  by  the  authors  over  a  period  of  ap¬ 
proximately  eight  years,  A  detailed  acoount  of  some  of  these  studies  is 
presented  on  the  following  pages. 


B.  AIR  LOCKS 

An  air  lock  is  defined  as  a  small  empty  room  with  a  door  at  each  end, 
constructed  to  create  a  dead  air  space  for  a  safer  passageway  between  two 
areas.  Germicidal  lamps  are  installed  on  the  ceiling  of  such  rooms.  Ex¬ 
periments  were  conducted  to  determine  the  effectiveness  of  UV  radiation  in 
preventing  the  passage  of  air-borne  microorganisms  from  area  to  area. 
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Cultural  of  S.  marcescens  wore  used  in  molt  of  those  studies.  In  some 
tests,  normal  bacterial  flora  of  the  sir  or  surf see  contaminants  were  used 
as  indicators  of  germioidal  effectiveness.  Aerosols  of  S.  Indies  or  S. 
marcs scans  were  produced  from  24-hour  broth  cultures  by  a  DeVllbiss  tfo.  40 
nebullser. 

To  evaluate  the  effectiveness  of  DV  air  locks,  air  was  sampled  for  bac¬ 
terial  content  by  sieve-type  air  samplers  (Figure  37)  with  the  UV  lamps  off 
and  on.  In  some  instances  liquid  impinger  samplers  were  used  for  the  UV 
off  air  samples.  The  comparative  number  of  organisms  recovered  and  the  per 
cent  reduction  allowed  an  estimation  of  the  effectiveness  of  the  gemicidal 
radiation.  Some  tests  were  done  to  evaluate  the  action  of  the  radiation  on 
surfaces  in  an  air  lock. 

During  these  studies  some  attention  was  given  to  the  phenomenon  of  photo 
reactivation,  first  described  by  Kelner  (169).  Reoovery  plates  were  some¬ 
times  prepared  in  duplicate  and  incubated  under  white  light  and  in  the  dark. 
However,  our  experiments  called  for  lethal  concentrations  of  radiation  and 
were  performed  during  the  day  when  generous  amounts  of  white  light  were 
present  before  and  during  the  tests,  and  no  photoreactivation  was  demon¬ 
strated. 

1.  Air  Lock  for  Field  Change  Room 

The  effectiveness  of  an  UV  installation  used  during  a  series  of  sum¬ 
mer  field  tests  was  determined.  The  installation  consisted  of  an  UV  air 
lock  room  through  which  contaminated  personnel  returning  from  field  tests 
passed  before  entering  a  contaminated  change  room.  The  bacteriological 
studies  conducted  in  this  UV  barrier  are  grouped  under  three,  headings! 

(a)  Killing  of  air-borne  clouds  passing  through  the  air  lock, 

(b)  decontamination  of  surfaces,  and 

(o)  decontamination  of  protective  field  clothing. 

The  floor  plan  of  the  lock  is  shown  in  Figure  38.  Nine  36-inch, 
30-watt  hot  cathode  UV  lamps  were  installed  in  the  lock.  Eight  of  the  lamps 
were  looated  vertically  on  the  side  walls  while  the  remaining  lamp  was  in 
the  ceiling  at  a  distance  of  about  eight  feet  from  the  floor.  None  of  the 
lamps  were  equipped  with  reflectors.  Before  tests  were  conducted  the  lamps 
were  carefully  cleaned  with  95  per  cent  ethyl  alcohol  and  their  output 
measured. 

The  test  organism  used  in  these  studies  was  S.  indies .  Re¬ 
covery  of  the  test  organism  was  accomplished  with  cotton  swabs  and  sieve- 
type  air  samplers.  The  plating  medium  in  both  c.l.»« b  was  Difco's  Tryptose 
Agar.  All  agar  plates  were  incubated  for  48  hours  at  room  temperature. 
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a.  Inactivation  of  Air-Borne  Cloude  Paaaing  Through  the  UV 

Air  Lock 

The  UV  air  lock  led  to  the  contaminated  change  room.  The 
change  room  was  equipped  with  an  exhaust  air  blower  and  filter  unit*  Kith 
the  exhaust  air  blower  in  operation,  a  constant  flow  of  air  was  maintained 
through  the  UV  barrier  in  the  direction  of  the  change  room. 

Nebulizers  wore  set  up  at  the  outside  opening  of  the  UV  lock, 
two  feet  from  the  floor.  Air  samples  were  taken  at  the  same  height  in  the 
doorway  leading  to  the  contaminated  change  room.  Control  air  samples  were 
taken  before  each  test.  During  the  tests,  the  bacterial  cloud  was  gener¬ 
ated  continuously.  Five-minute  air  samples  were  taken  first  with  the  UV 
lamps  burning  and  then  with  them  off.  This  procedure  was  continued  for 
several  successive  off  and  on  periods.  The  results  of  the  two  tests 
(Table  XXX1XX)  show  a  marks?  reduction  of  viable  air-borne  organisms  ob¬ 
tained  by  the  treatment  with  the  UV  radiation.  The  initial  cloud  concen¬ 
tration  passing  through  the  lock  was  estimated  at  approximately  1  x  10® 
air-borne  S.  indie a  cells  per  minute.  It  will  be  noticed  that  the  number 
of  colonies  recovered  when  the  lamps  were  on  increased  as  each  test  pro¬ 
ceeded.  This  is  due  to  incomplete  removal,  by  the  exhaust  system,  of  the 
cloud  which  passed  into  the  dressing  room  during  the  time  when  the  lamps 
were  off. 


TABLE  XXXXXX.  INACTIVATION  OF  AIR-BORNE 
S.  INDICA  IN  A  FIELD  AIR  LOCK 


COLONIES  ON  B-MINUTE  AIR  SAMPLES 


OPERATION 

c. 

Test  1 

Test  2 

UV  on 

4 

2 

UV  off 

TNTC 

TNTC 

UV  on 

26 

250 

UV  off 

TNTC 

TNTC 

UV  on 

300 

300 

UV  off 

TNTC 

TNTC 

Because  the  concentration  of  air-borne  baoteria  in  these  tests 
far  exceeds  the  maximum  number  that  would  be  ejected  during  actual  use  of 
the  lock,  it  is  apparent  that  a  considerable  amount  of  protection  is  afforded 
by  this  UV  installation. 
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b.  Decontamination  of  Surface! 

The  four  surface!  used  in  these  tests  were  plywood,  glass,  rub¬ 
ber,  and  canvas.  Duplicate  sections  of  each  surface  were  obtained.  One 
section  served  as  control  and  the  other  was  exposed  to  the  radiations  in 
the  UV  lock.  The  surfaces  were  contaminated  by  holding  them  for  several 
minutes  a  short  distance  in  front  of  three  DeVilbiss  No.  40  nebulizers.  All 
surfaces  wero  contaminated  in  a  like  manner.  The  control  surfaces  were 
placed  outside)  In  t‘ie  shade  and  the  test  surfaces  were  placed  on  the  floor 
in  the  center  of  the  UV  air  lock.  The  lamps  in  the  lock  were  turned  on  and 
samples  taken  with  cotton  swabs  at  five-,  ten-,  and  fifteen-minute  intervals* 
The  swabs  were  streaked  onto  Difco's  Tryptoso  Agar  plates  and  incubated  for 
48  hours  at  room  temperature.  Except  for  one  colony  recovered  from  the  glass 
surface  after  the  five-minute  exposure  period,  no  3.  lndloa  was  recovered 
on  any  of  the  surfaces  exposed  to  the  UV  radiationT  fhe  results  of  the 
tests  are  shown  in  Table  XXXIV.  Viable  organisms  were  obtained  from  all 
control  samples  throughout  the  test.  These  data  show  that  any  organisms 
that  may  be  shaken  off  onto  the  floor  or  walls  of  the  lock  will  be  inacti¬ 
vated  unless  protected  from  the  UV  radiations* 


TABLE  XXXIV.  INACTIVATION  OF  3.  INPICA  ON  SURFACES 
IN  A  FIELD  AIlfLQffi” 


SURFACE 

NUMBER  OF  S.  IMDICA  COLONIES 

5  Minutes 

Exposure  Time 

10  Minutes 

15  Minutes 

Control 

UV 

Control 

UV 

Control 

UV 

Plywood 

12 

0 

7 

0 

3 

0 

Glass 

TNTC 

1 

TNTC 

0 

TNTC 

0 

Rubber 

TNTC 

0 

TNTC 

0 

33 

0 

Canvas 

TNTC 

0 

TNTC 

0 

TNTC 

0 

c.  Decontamination  of  Personnel  Wearing  Protective  Field 
Clothing 

In  each  of  these  tests  two  persons  wearing  protective  field 
clothing  and  assault-type  gas  masks  wore  exposed  to  a  heavy  cloud  of  S, 
indlca  organisms  for  a  period  of  time  in  a  closed  room.  The  aerosol  was 
generated  by  three  DeVilbiss  No.  40  nebulizers  which  were  placed  in  the 
room.  For  the  first  tost,  the  persons  remained  in  th<e  room  for  a  period 
of  15  minutes,  and  for  the  second  test  the  exposure  time  was  30  minutes* 


After  tho  artificial  contamination,  the  teat  proceeded  aa  fol- 
lowai  Control  aurface  aamplea  were  taken  at  aeven  locationa  on  the  auit 
and  maak  of  each  individual.  One  individual  entered  and  walked  about  in 
the  UV  lock  with  the  lampa  on,  while  the  other  individual  (the  control)  re¬ 
mained  out aide  in  the  ahade.  After  aelected  interval*  of  expoaure,  the 
teat  individual  left  the  lock,  and  aamplea  were  taken  from  aeven  locationa 
on  the  auit  and  maak  of  each  individual*  The  teat  individual  then  re-enter¬ 
ed  the  UV  lock  and  the  proceaa  waa  repeated.  The  aampling  locationa  werei 
Top  of  hood,  right  arm,  left  arm,  right  leg,  left  leg,  cheat,  and  back* 

The  aurface  aamplea- were  atreaked  onto  Difco'a  Tryptoae  Agar  platea,  the 
plate a  incubated  for  48  houra  at  room  temperature  and  coloniea  of  S.  indica 
counted. 


Tablea  XXXV  and  XXXVI  ahow  the  efficiency  of  the  UV  radiation 
in  inactivating  the  bacteria  preaent  on  the  protective  clothing  and  maaka 
of  the  teat  individual.  All  of  the  areaa  oampled  were  thoae  expoaed  to 
the  UV  radiation.  No  awaba  were  taken  of  protective  areaa  auch  aa  under 
the  arma, aa  no  germicidal  action  would  be  expected  in  theae  areaa. 

An  intereating  obaervation  waa  made  during  theae  teata*  Numer- 
oua  organiama  (moatly  apore  forming  bacteria  and  yeaata)  were  preaent  on 
the  aurface*  of  the  protective  clothing,  aaaault  maaka,  and  in  the;air  in 
the  lock.  Theae  were  recovered  in  aignificant  number  on  the  control  aur¬ 
face  and  air  aamplea.  It  waa  obaerved  that  aa  each  teat  proceeded  the 
number  u.‘  theae  contaminant*  on  the  recovery  platea  became  leaa.  The 
aamplea  taken  during  the  laat  aampling  period  were  aterile  and  no  growth 
of  the  contaminant*  waa  noted. 

Theae  teata  conducted  on  an  UV  barrier  at  the  entranoe  to  a 
field  dreaaing  room  ahow  the  germicidal  barrier  to  be  efficient  in  inacti¬ 
vating  teat  organiama  on  e^oaed  aurface* ,  on  protective  clothing  and  in 
the  air. 


2.  Laboratory  Air  Lock  Number  1 

Three  30-watt  UV  lampa  were  inatalled  on  the  ceiling  in  an  air 
lock  S  feet  long,  3^  feet  wide  and  10  feet  high  (Figure  39).  Movement  of 
air  between  the  room*  aeparated  by  thia  air  lock  waa  controlled  during 
teating  by  mean*  of  exhauat  fan*,  although  in  practice  the  room  of  greater 
infectioua  hazard  ia  kept  at  a  negative  preaaure. 

A  meter  employing  a  WL-775  Tantalum  photocell  and  calibrated  for 
reaponae  at  wave  length  2537A  waa  uaed  to  determine  the  radiant  intenaitiea 
of  energy  throughout  the  air  lock.  All  meaaurementa  were  taken  on  a  hori¬ 
zontal  plane,  and  tho  radiation  meaaured  repreaented  energy  reoeived  from 
above.  Kith  the  exception  of  one  reading,  all  areaa  received  at  leaat  30 
microwatt*  per  aquare  centimeter  (Table  XXXVII). 
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TABLE  XXXV,  DECONTAMINATION  OP  PERSONNEL  IN  A  FIELD  AIR  LOCK, 
ONE  TO  FIVE  MINUTES'  EXPOSURES/ 


SWAB  POSITION 

NUMBER  OF  S.  INDICA  COLONIES 

Teat  Individual 

Control  Individual 

Exooaure  Time 

to  UV 

Expoaure  Time  in  Shade 

1  min 

2  min 

5  min 

1  min 

2  min 

5  min 

Top  of  hood 

1 

0 

0 

TNTC 

TNTC 

TNTC 

Right  arm 

3 

0 

0 

TNTC 

TNTC 

TNTC 

Left  arm 

2 

0 

0 

TNTC 

TNTC 

TNTC 

Right  lag 

2 

0 

0 

TNTC 

TNTC 

TNTC 

Left  leg 

4 

0 

0 

TNTC 

TNTC 

TNTC 

Cheat 

10 

2 

0 

TNTC 

TNTC 

TNTC 

Back 

4 

1 

1 

TNTC 

TNTC 

TNTC 

a.  Individual!  were 

expoaed  to  the  aeroaol  for  15  minutea* 

TABLE  XXXVI.  DECONTAMINATION  OF  PERSONNEL  IN  A  F 
FIVE  TO  TWENTY  MINUTES'  EXPOSURE!/ 

'  l 

I ELD  AIR  LOCK, 

NUMBER  OF  S 

INDICA  COLONIES 

Teat  Individual 

Control  Individual 

SWAB  POSITION 

Expoaure  Time  to  UV 

Expoaure  Time  in  Shade 

5 

10 

15 

20 

5 

"  10 

15 

20 

min 

min 

min 

nin 

min 

min 

min 

min 

Top  of  hood 

0 

0 

0 

0 

TNTC 

TNTC 

TNTC 

TNTC 

Right  arm 

1 

0 

0 

0 

TNTC 

TNTC 

TNTC 

TNTC 

Left  arm 

0 

0 

0 

0 

TNTC 

TNTC 

TNTC 

TNTC 

Right  leg 

2 

0 

0 

0 

TNTC 

TNTC 

TNTC 

TNTC 

Left  leg 

0 

0 

0 

0 

TNTC 

TNTC 

TNTC 

TNTC 

Cheat 

16 

0 

0 

0 

TNTC 

TNTC 

TNTC 

TNTC 

Baok 

9 

0 

0 

0 

TNTC 

TNTC 

TNTC 

TNTC 

a.  Individual!  were  expoaed  to  the  aeroaol  for  30  minutea* 


UT  Air  Lock. 
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TABLE  XXXVII.  UV  INTENSITIES  IN  AN  8'  x  34*  x  10*  AIR  LOCK 
EQUIPPED  KITH  THREE  30-WATT  LAMPS 


DISTANCE  FROM  FLOOR  LEVEL, 
inches 

MICROWATTS  PER  SQUARE  CENTIMETER 

Distance  in  Feet  from  North 
to  South  End 

1 

2 

3 

4 

3 

2 

1 

8 

10 

38 

43 

44 

41 

40 

33 

24 

33 

43 

44 

49 

50 

48 

46 

40 

52 

56 

57 

59 

59 

59 

54 

60 

81 

61 

80 

75 

75 

74 

85 

90  (30  inches  below  ceiling) 

157 

118 

115 

147 

112 

110 

144 

Bacteriological  teata  were  conducted  with  the  doora  open  and  closed* 
Aerosols  of  S.  indica  were  produced  outaide  the  air  lock  on  the  upwind 
aide,  and  samples  were  taken  outaide  the  air  lock  on  the  drwnwind  aide. 

The  bacterial  aeroaol  concentration  waa  controlled  by  nebulising  a  culture 
that  had  been  diluted  to  the  deeired  concentration.  Generation  of  the  aero¬ 
aol  continued  throughout  each  teat.  The  reaulta  ahow  at  leaat  a  99-per  cent 
reduction  of  the  bacterial  aoroaol  in  every  caae  (Table  XXXVIII).  " 

In  one  caae  complete  removal  of  the  aeroaol  waa  accomplished.  The 
efficiency  of  the  UV  air  lock  under  the  stated  teat  conditiona  waa  of  a 
high  order.  0  %  v  ^  ^ 

In  tost  four,  the  direction  of  the  flow  of  air  waa  reversed  and  the 
doora  of  the  lock  wore  cloaed.  Reverae  movement  of  air  waa  effected  by 
operating  the  two  wall  exhauat  unita  located  on  the  clean  aide  of  the  lock* 
The  aeroaol  in  thia  caae  waa  generated  in  an  adjacent  room.  The  door  lead¬ 
ing  from  thia  room  to  the  roat  of  the  building  waa,  at  thia  time,  open. 

Even  though  there  waa  a  slight  negative  pressure  in  the  main  hallway  at  the 
time  of  the  teat,  large  numbers  of  the  teat  organisms  were  pulled  through 
the  lock  into  the  clean  area.  However,  operating  the  UV  lamps  under  these 
conditiona  resulted  in  a  99  per  cent  removal  of  the  teat  organiam. 

3,  Laboratory  Air  Lock  Number  2 

Three  teata  wore  conducted  to  determine  the  bactericidal  offeotive- 
neaa  of  an  UV  air  lock  seven  feet  long  installed  in  the  hallway  separating 
two  buildings.  A  small  glass  window  waa  removed  from  one  of  the  doora  on 
one  aide  of  the  lock  to  allow  the  movement  of  air  from  the  first  building 
through  the  look  and  into  the  other  building  at  the  rate  of  approximately 
two  linear  feet  per  second. 
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Radiation  in  the  lock  was  supplied  by  two  Slimline  lamps.  These 
units  were  mounted  horizontally  on. the  side  walls  of  tho  look  12  inches 
below  the  ceiling,  and  each  lamp  was  equipped  with  a  rof lector. 

Using  a  meter  with  a  WL-776  phototube,  intensity  measurements  were 
taken  in  the  lock.  Readings  were  made  at  measured  distances  from  the  ends 
of  the  lock  and  from  the  floor  level  (Table  XXXIX),  Low  concentrations  of 
UV  radiation  were  at  the  floor  level  and  in  the  corners  of  the  lock  at  upper 
levels,  Because  of  the  reflector  system  high  intensity  UV  radiation  was 
directed  across  the  upper  part  of  the  chamber  with  lesser  amounts  of  energy 
reaching  the  floor  and  corners  of  the  room.  S.  indies  culture  was  diluted 
in  physiological  saline  and  nebulized  on  the  positive  pressure  side  of  the 
air  lock  with  a  DeVilbiss  number  40  glass  nebulizer.  The  diluted  culture 
was  dispersed  at  tho  rate  of  approximately  0.7  milliliter  per  minute.  For 
the  three  tests  conducted,  three  different  dilutions  of  the  S.  Indies  were 
used, 

u 


TABLE  XXXIX,  UV  INTENSITIES  IN  AIR  LOCK  NUMBER  2 


DISTANCE  FROM  FLOOR, 
feet 

INTENSITIES  IN  MICROWATTS  PER  SQUARE  CENTIMETER 

East  End 

Middle 

West  End 

Through  Center  of  Air  Lock 

1 

13.6 

26.6 

7.4 

3 

8.0 

18.0 

6.4 

5 

2.0 

3.6 

2.0 

7 

2,0 

2.0 

2.0 

Side 

of  Air  Lock 

1 

2.0 

4.0 

3.6 

3 

2.0 

3.0 

2.0 

5 

2.0 

49.2 

6.0 

7 

14.8 

14.8 

4.0 

Notes  Measurements  were  made  on  a  horizontal  plane  of  radiation  received 
from  above,  Intensities  at  the  3-  to  5-feet  level  of  side  radiation 
were  on  tho  order  of  100  to  150  microwatts  per  square  centimeter. 
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Nebulisation  of  the  teat  organiam  waa  continued  at  a  conetant  rate 
during  eaoh  experiment*  Liquid  impinger  air  aamplea  were  taken  on  the  posi¬ 
tive  preaaure  aide  of  the  look  to  eatabliah  the  aeroaol  concentration.  Air 
eanplee  were  taken  with  two  sieve-type  aamplera  on  the  low  preaaure  aide  of 
the  air  lock.  One  sampler  was  placed  at  a  diatance  of  two  feet  in  front  of 
each  door,  and  two  feet  above  the  floor  level.  The  aamplera  contained 
platea  of  corn  ateep  molaaaea  agar.  The  rate  of  aampling  waa  one  cubic  foot 
of  air  per  minute,  and  the  duration  of  each  aample  waa  five  minutea.  Each 
teat  waa  divided  into  three  parta  aa  followat 

(a)  Sample •  taken  on  the  negative  preaaure  aide  of  the  air  lock 
before  nebuliaation  atarted  (control  aaqplea). 

(b)  Sample a  taken  on  the  negative  preaaure  aide  of  the  air  lock 
during  the  first  five  minutea  of  nebuliaation.  UV  lamp a  on. 

(c)  Samples  taken  on  the  negative  pressure  side  of  the  air  look 
during  the  second  five  minutes  of  nebuliaation.  UV  lamps  off. 

The  results  obtained  from  the  three  teats  are  summarised  in  Table 
XL.  A  high  reduction  of  organisms  waa  obtained  under  the  atated  teat  con¬ 
ditions.  The  over-all  average  reduction  of  viable  S.  indioa  cells  waa  97 
par  cent.  Aeroaol  concentffations  ranging  from  33  to  3,633  organisms  per 
cubic  foot  wore  used. 


TABLE  XL.  RESULTS  OF  BACTERIOLOGICAL  TESTS  IN  AN  UV  AIR  LOCK 


TEST  CONDITION 

TOTAL  NUMBER  OF  S. 

INDICA  COLONIES  RECOVERED 

FROM  TWO  SIEVE*  SAHPEE©  IN  FINE  MINUTES 

Teat  1 

Teat  2 

Teat  3 

Control 

0 

0 

0 

UV  on 

UV  off 

Cloud  cone  at 

0 

108 

12 

554  ; 

123  , 

1940 

nebulising  position, 
org  par  cu  ft 

33 

280 

3883 

Percentage  reduction 
of  cloud  with  UV  on 

100 

we 

98 

94 

a.  This  figure  was  obtained  by  calculating  the  percentage  of  the  generated 
cloud  which  paaaed  through  the  lock  during  the  first  two  testa  when  the 
UV  waa  off.  The  actual  number  of  colonies  on  the  sampler  platea  were 
too  numerous  to  gount. 


The  over-all  average  per  cent  reduction  for  the  three  testa  waa  97. 


4.  Laboratory  Air  Look  Number  3 


Teati  were  conducted  to  determine  the  bactericidal  effectiveness  of 

an  UV  lock  24  feet  long,  seven  feet  wide,  and  ten  feet  high.  There  were 

three  doors  leading  into  the  air  lock,  and  three  bare  30*watt  hot  cathode 
germicidal  lamps  were  installed  in  the  ceiling. 

Studies  wore  made,  using  smoko,  to  determine  the  rate  and  direction 
of  movement  of  air  through  the  lock.  The  direction  of  air  movement  was  to¬ 
ward  the  more  contaminated  building.  The  rate  of  movement  was  slow,  esti¬ 

mated  to  be  one-half  foot  per  second.  There  was  a  considerable  degree  of 
turbulence  within  the  lock,  and  smoke  entering  one  end  of  the  lock  was  well 
mixed  by  the  time  it  reached  the  outlet  end. 

New,  clean  lamps  were  installed  in  the  three  ceiling  fixtures  and 
intensity  measurements  wore  made  as  shown  in  Table  XLI  (A).  Readings  ware 
also  made  of  the  radiant  energy  flux  directly  below  the  center  lamp  while 
all  lamps  were  burning.  These  results  are  also  shown  in  Table  XLI  (B). 


TABLE  XLI.  UV  INTENSITIES!/  IN  AIR  LOCK  NUMBER  3 


A. 


DISTANCE  FROM  EAST 

DISTANCE  ABOVE  FLOOR  LEVEL 

END  OF  AIR  LOCK 

8  inches 

3  feet 

feet 

0 

8.4 

5.8 

5.8 

3  feet 

19.9 

19.2 

45.1 

6  feet 

13.2 

19.2 

29.2 

9  feet 

18.9 

9.2 

8.0 

12  feet 

20.5 

41.6 

81.3 

15  feet 

14.4 

11.5 

15.4 

18  feet 

23.0 

23.1 

19.2 

21  feet 

• 

11.8 

28.5 

72.0 

Averages 

16.3  ' 

19.8 

34.5 

DISTANCE  ABOVE 

FLOOR  LEVEL 

MICROWATTS  PER  SQ  CM 

8  inches 

23.4 

2  feet 

31.2 

4  feet 

49.2 

5  feet 

71.1 

6  feet 

112.0 

Average 

57.4 

B. 


a.  Microwatts  per  square  centimeter. 


o 
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The  bacteriological  taata  ware  conducted  in  the  uaual  manner* 

S.  indica  culture  was  nebulised  in  the  doorway  on  the  upwind  side  and  the 
sieve  air  samplers  were  operated  in  the  room  on  the  downwind  side.  Control 
air  samples  taken  before  nebulisation  started  were  negative.  The  results 
are  shown  in  Table  XLIX. 


TABLE  XLXX.  RESULTS  OF  BACTERXOLOGXCAL  TESTS  IN  AN  UV  AIR  LOCK 


TEST  CONDITION 

NUMBER  OF  S.  INDICA  COLONIES  RECOVERED  FftOM 
TWO  SflCVff  SAMPLERS  IN  FIVE  MINUTES 

Test  1 

Test  2 

Control 

0 

0 

UV  on 

0 

2 

UV  off 

303 

800  approx. 

UV  on 

9 

3 

UV  off 

Cloud  concen- 

146 

800  approx. 

t rat  ion,  orgs 
per  ou  ft 

180 

790 

Over-all  per  cent 

efficiency 

VO 

vv 

In  spite  of  the  low  UV  intensities  present,  .excellent  lethal  effeots 
on  the  air-borne  S.  indica  were  obtained.  The  UV  air  look  was  88  to  99  per 
cent  effective  in~inactivating  the  test  organisms.  These  results  indioate 
the  importance  of  air  velocity  and  air  lock  sise.  Both  larger  exposure 
areas  and  slower  rates  of  air  movement  increase  the  exposure  time  of  air¬ 
borne  organisms  passing  through  the  lock. 

Our  experience  with  a  variet$  of  similarly  radiated  air  locks  has 
shown  that  few,  if  any,  air-borne  vegetative  bacteria  or  bacteriophage 
particles  will  penetrate  such  a  barrier  if  air  velocities  of  about  two 
feet  per  second  or  below  are  involved  and  if  the  number  of  UV  lamps  at¬ 
tached  to  the  ceiling  provide  a  floor  intensity  of  20  to  30  microwatts  per 
square  centimeter. 


C.  DOOR  BARRIERS 

In  the  absence  of  an  air  lock,  an  effective  barrier  can  be  made  by 
providing  a  radiation  screen  across  a  doorway.  A  design  we  recommend  for 
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this  purpose  uses  five  17-watt  cold  cathode  UV  lamps  with  aluminum  reflec¬ 
tors  placed  in  a  wood  or  metal  channel  built  around  the  doorway  (Figure  40). 
The  channel  is  placed  so  that  the  door  opens  awhy  from  the  barrier.  In 
this  manner  a  screen  of  high-intensity  ultraviolet  radiation  is  projected 
across  the  doorway. 

Tests  on  an  UV  door  barrier  are  presented  on  the  following  pages.  The 
exporimental  methods  wore  essentially  tho  same  as  those  used  in  testing  UV 
air  locks.  Tho  door  leading  from  tho  main  hallway  of  a  laboratory  building 
into  a  clean  waiting  room  was  equipped  with  an  UV  barrier  consisting  of  five 
30-watt,  36-inch,  hot  cathode  germicidal  lamps.  Tho  air  system  in  the  hall¬ 
way  was  such  that  a  negative  pressure  was  present.  Before  beginning  the 
tests,  all  lamps  were  carefully  cleaned  with  ethyl  alcohol. 

Intensity  measurements  were  taken  within  the  UV  barrier  using  a  meter 
with  a  KL-775'  phototube.  All  readings  were  expressed  in  terms  of  miorewatts 
per  square  centimeter.  Table  XL1I1  shows  the  results  obtained  from  these  . 
readings.  It  is  apparent  that  the  intensities  obtained  in  the  barrier  are 
quite  high.  Because  lamps  of  this  typo  drop  in  UV  output  the  first  few 
hours  of  operation,  a  more  accurate  estimate  of  the  intensities  to  be  en¬ 
countered  may  be  obtained  by  reducing  each  value  in  Table  XLIII  by  10  per 
cent.  S.  indlca  culture  was  diluted  ifi  physiological  saline  and  nebulised  with 
a  DoVilEiss  number  40  glass  nebuliser.  Three  dilutions  of  the  S.  indica 
culture  were  used  with  a  dispersal  rate  of  approximately  0.6  milliliter 
par  minute.  Nebulization  was  continued  at  a  constant  rate  during  each  ex¬ 
periment.  Liquid  impingor  air  samples  wore  taken  to  establish  the  initial 
aerosol  concentration.  Four  tests  were  made  with  this  door  barrier. 


TABLE  XLIII.  UV  INTENSITIES  IN  MICROWATTS  PER  SQ  CM  AT 
THE  VERTICAL  CENTER  OF  A  DOOR  BARRIER 


nm  above 

Till  FLOOR 

RADIATION 
FROM  ABOVE 

RADIATION 

FROM  LEFT 

RADIATION 
FROM  RIGHT 

TOTAL  ENERGY 
FLUX  RECEIVED 

6 

166 

142 

144 

452 

8 

96 

126 

126 

348 

4 

66 

113 

110 

289 

3 

52 

126 

144 

322 

2 

36 

96 

120 

252 

a 

28 

40 

30 

98 
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Test  It  An  aerosol,  containing  40  organiima  per  cubic  foot  was  generated 
in  the  entrance  waiting  room  which  waa  on  the  positive  pressure  side  of  the 
UV  door  barrier.  All  doors  remained  closed  during  the  test,  and  air  samples 
were  taken  with  two  sieve  samplers  on  the  negative  pressure  side  (main  hall¬ 
way).  Control  air  samples  taken  before  the  aerosol  was  generated  were  nega¬ 
tive.  The  results  are  shown  be low t 


Test  Conditions 


Number  of  S.  Indies  Colonies  Recovered 
from  Two  ‘Sieve  Samplers  in  5  Minutes 


Control 
UV  on 
UV  off 


0 

0 

2? 


The  efficiency  of  the  UV  barrier  was  100  per  cent  under  these  conditions. 

Test  2t  S.  indies  aerosol  was  generated  on  the  negative  pressure' side 
of  the  door  barrier,  and  the  sieve  samplers  were  located  on  the  positive 
pressure  side  (small  waiting  room).  The  aerosol  concentration  was  10,600 
cells  per  cubic  foot.  All  doors  wero  closed  during  this  test.  The  cloud 
was  generated  continuously  for  20  minutes  and  two  sets  of  air  samples  were 
taken  with  the  UV  lamps  on  and  two  sets  with  the  UV  lamps  off. 

No  S.  indlca  organisms  were  collected  on  the  positive  pressure  aide  of 
the  UV  Carrier.  This  test  shows  that  air-borne  organisms  in  the  main  hall¬ 
way  of  the  building  will  not  escape  into  the  waiting  room  when  the  conditions 
are  static  (no  movement  of  personnel  or  opening  of  doors). 

Test  3t:  By  using  smoke  it  was  found  that  the  pumping  action  of  a  door 
on  the  positive  side  of  the  door  barrier  momentarily  upset  the  air  balance 
in  the  building  and  drew  smoke  through  the  door  barrier  to  the  positive  pres¬ 
sure  side  from  the  negative  pressure  area.  This  test  was  designed  to  deter¬ 
mine  the  efficiency  of  the  UV  radiation  in  preventing  "back  flow"  of  air¬ 
borne  organisms  when  the  outside  door  is  opened. 

An  aerosol  containing  214,000  particles  per  cubic  foot  was  generated  in 
the  main  hallway.  Air  samples  were  taken  in  the  waiting  room.  Throughout 
the  test,  at  intervals  of  one-half  minute,  the  outside  door  was  opened. 
Control  air  samples  taken  before  the  aerosol  was  generated  were  negative. 

The  results  are  shown  be low t 


Number  of  S.  indica  Colonies 

Test  Conditions  Recovered  from  two  sieve  Samplers 

_ _ in  5  Minutes _ 


Control  °  0 

UV  on  (outside  door 

opened  10  times)  1 

UV  off  (outside  door 

opened  10  times)  281 
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The  efficiency  of  the  UV  door  barrier  under  these  conditions  was  greater 
than  99  per  cent,  o 

Test  4t  This  test  was  designed  to  determine  the  efficiency  of  the  UV 
door  barrier  in  preventing  the  escape  of  air-borne  organisms  from  within 
the  building  when  entrances  and  exits  were  made  through  the  barrier  door. 

At  intervals  of  two  and  one-half  minutes ,  a  person  made  an  entrance  into  and 
an  exit  from  the  main  hallway  through  the  barrier  door.  The  generated  cloud 
in  the  main  hallway  contained  214,000  organisms  per  cubic  foot.  Samples 
were  taken  in  the  waiting  room.  Control  air  samples  taken  before  ttte  aero¬ 
sol  was  generated  were  negative.  The  results  obtained  are  shown  belows 

Number  of  S.  Indies  Colonies 
Test  Conditions  Recovered  from  Two  Sieve  Samplers 

_ in  5  Minutes _ 


Control 

UV  on  (two  entrances 
and  two  exits) 

UV  off  (two  entrances 
and  two  exits) 


The  efficiency  of  the  UV 
92.5  per  cent. 

Summary  Table  XLIV  presents pthe  test  conditions, and  the  respective  ef¬ 
ficiencies  of  the  UV  door  barrier.  The  efficiencies  of  the  UV  door  barrier 
under  the  stated  test  conditions  were  very  high.  In  most  cases  the  cloud 
concentrations  were  many  times, that  which  would  be  expected  under  normal 
conditions.  Efficiencies  varying  from  92,5  per  cent  to  100  per  cent  were 
obtained  under  the  stated  test  conditions. 

Curtains  made  of  strips  of  plastic  sheeting  provide  a  convenient  method 
of  limiting  stray  radiation  from  a  door  barrier.  Figure  41  shows  a  curtain 
made  of  clear  vinyl  plastic  installed  in  front  of  a  door  barrier. 


0 

67 

689 

o 

door  barrier  under  these  test  conditions  was 


D.  ULTRAVIOLET  ANIMAL  CAGE  RACKS 

Surveys  of  laboratory  acquired  infections  (278),  studies  on  cross-in- 
feotions  smong  animals  (194,237.238)  and  Institutional  outbreaks  with  in¬ 
fectious  agents  (48,141,205,253),  have  demonstrated  the  need  for  adequate 
separation  of  infectious  animals  from  laboratory  workers  and  from  other 
animals.  Although  the  best  isolation  is  obtained  by  the  use  of  olosed 
cages  equipped  with  filters  and  artificially  ventilated  (59,155,300),  in 
many  laboratories  the  expense  of  this  equipment  is  prohibitive. 


Figure  41.  Vinyl  Plastic  Curtain.  (FD  Nag  C-3700) 
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II 


The  uii  of  germicidal  radiation  to  pravant  croaa-infaotion  of  animals 
hat  boon  roportod  by  Lurio  (196)  who  irradiatod  an  aroa  botwoon  wiro  oagoa 
housing  rabbits  with  tuboroulosis  and  oagos  housing  normal  rabbits,  thus 
provonting  tho  71  por  oont  oross-infootion  rats  which  occurrod  without  tho 
uso  of  UV.  UV  radiations  havo  also  boon  usod  by  Konlo  ot  al  (138)  to  pro¬ 
toot  laboratory  animals  from  air-bomo  infoot  ion.  Ko  havoUavisad  and  eval- 
uatod  a  mothod  of  attaohing  UV  lamps  and  fixturos  to  animal  oago  raoks  which 
providos  a  radiation  barrior  across  tho  opon  top  of  solid-sidod  animal  oagos 
and  thoroby  provonts  tho  oscapo  of  a  portion  of  tho  air-bomo  organisms  from 
within  tho  oago.  v 

1.  Hatorials  and  Methods 

UV  cago  rackt  Tho  UV  cags  rack,  shown  in  Figure  42,  is  5  foot  high, 

4  foot  wide,  and  22  inches  deep  with  solid  metal  shelves.  Two  15-watt, 
16-ineh  hot  cathode  UV  lamps  with  fixturos  are  needed  for  eaoh  Shelf.  Eaeh 
fixture  is  equipped  with  a  reflector' of  Aleak  (Aluminum  Company  of  Amerioa) 
aluminum  to  direct  tho  radiation  in  a  band  across  tho  top  of  tho  cages. 

Tho  fixturos  are  attached  to  tho  upright  angle-iron  comers  at  the  side  of 
tho  cago  rack  and  are  adjustable  to  any  height  above  tho  shelf. 

Only  cages  of  equal  hoight  can  bo  usod  on  any  one  shelf.  Cages 
must  havo  solid  sides  to  protect  the  animals  from  radiation.  The  position 
of  the  UV  fixtures  is  adjusted  so  that  the  bottom  edge  of  the  lamps  is  level 
with  the  top  edge  of  the  oagos.  If  large,  open-top  cages  are  used  (e.g., 
a  cage  large  enough  to  oooupy  one  entire  shelf)  it  may  be  necessary  to  plaoe 
tho  bottom  edge  of  the  lamps  slightly  below  the  lovely  of  the  top  of  the  oago 
to  prevent  excess  radiation  from  entering  the  oago.  This  is  not  necessary 
when  screen  wire  or  hardware  oloth  oago  tops  are  used  because  these  materi¬ 
als  reduce  the  entrance  of  radiant  energy.  The  underside  of  eaoh  shelf 
should  be  painted  with  a  low-reflecting,  nongloss  paint  to  reduee  reflect¬ 
ance  of  radiation  into  the  oage@. 

<f'\ 

Test  bacteria  used  were  Ssrratia  indica  and  spores  of  Baoillus 
subtilis  var,  niter.  For  the  fomer,TI-hour  broth  cultures  grown  at  27°C 
were  used.  Spore  preparations  were  obtained  by  heat  shocking,  for  10  min¬ 
utes  at  80°C,  the  growth  harvested  from  heavily  inooulated  tryptose  agar 
plates  or  broth  ineubated  for  6  days  at  37VC. 

Recovery  of  test  organisms  from  the  air  was  accomplished  by  means 
of  sieve  air  samplers  operated  at  the  rate  of  one  oubio  foot  per  minute, 
and  liquid  impingers  operated  at  0.5  cubio  foot  per  minute.  The  plating 
medium  used  in  all  tests  was  com  steep  agar,  adjusted  to  pH  7.0  to  7.5 
before  sterilisation.  Aerosols  of  the  test  organisms  were  produced  with  a 
DeVilbiss  No.  40  nebuliser  or  a  Chicago-type  atomiser  (260).  Stainless 
steel  animal  cages,  9  inches  x  10  inches  x  18  inches,  without  tops  or  with 
one-fourth-inch  wire-mesh  tops  were  used  on  the  oage  racks. 


Operating  efficiencies  of  all  UV  lamps  used  in  the  tests  were 
cheoked  by  means  of  a  SM-600  ultraviolet  meter*  Intensity  readings  at 
various  positions  on  the  rack  were  taken  with  a  Luckiesh-Taylor  germicidal 
meter  or  with  SM-200  ultraviolet  meter  and  expressed  in  terms  of  microwatts 
per  square  centimeter.  To  standardise  the  UV  intensity  each  lamp  was 
" seasoned**  by  burning  for  100  hours  before  use.  Before  eaoh  experiment 
careful  measurements  were  made  of  the  radiation  present  above  the  cages. 
Typioal  intensities  in  microwatts  per  square  centimeter  are  shown  in  Figure 
43.  The  energy  flux,  or  intensity  recorded  by  the  meter  from  three  direc¬ 
tions,  was  at  least  2S0  microwatts  per  square  centimeter.  This  figure  has 
been  used  as  a  "yardstick"  to  assure  that  UV  cage  racks  are  operating  cor¬ 
rectly. 


Preliminary  experiments  with  artificially  produced  aerosols  of 
S.  Indica  were  conducted  in  the  absence  of  cage  liter,  animal  hair,  and 
Hebrii.  Empty  animal  cages,  without  tops,  were  placed  on  UV  oage  racks 
and  aerosols  were  produced  in  such  a  manner  that  when  air  samples  were  taken 
with  the  UV  lamps  on  and  then  off  a  comparison  could  bo  made  of  the  ratio  of 
bacteria  inactivated. 

Further  experiments  utilised  secondary  aerosols  produced  by  organ¬ 
isms  naturally  liberated  from  the  hair  of  guinea  pigs  exposed  to  primary 
aerosols  of  test  bacteria.  Four  guinea  pigs  were  exposed  bodily  to  aerosols 
of  S«  Indica  or  B.  subtilis  spores  for  five  minutes  in  a  sealed  oabinet. 
The'bacteria  per”cubic  foot  of  air,  as  determined  by  liquid  impinger  samplers, 
averaged  3  x  10'  per  cubic  foot  for  S.  indioa  and  5  x  10*  per  oubio  foot  for 
B.  subtilis  spores.  Immediately  after  exposure,  each  animal  was  transferred 
in  a  sterile  closed  oage  to  the  UV  cage  rack.  Two  cages,  each  with  a  single 
guinea  pig,  were  placed  on  the  top  shelf  and  two  on  the  second  shelf.  Mesh- 
wire  tops  were  then  substituted  for  the  dosed  tops  and  sieve  air  samplers 
were  operated  at  the  9  positions  shown  in  Figure  44.  When  the  effeot  of  UV 
radiation  was  to  be  tested,  the  lamps  were  turned  on  30  minutes  before  the 
cages  were  placed  on  the  racks.  Five  cubic  feet  of  air  were  sampled  at  eaoh 
sampling  station  at  the  following  intervals*  (a)  just  before  plaoing  cages 
on  the  rack,  in  the  absence  of  UV  (this  was  a  control  for  the  presenoe  of 
test  organisms  in  the  room))  (b)  immediately  after  placing  oages  on  the  rack) 
(c)  30  minutes  after  exposure  of  the  guinea  pigs  to  the  aerosol)  (d)  60  min¬ 
utes  after  exposure)  and  (e)  240  minutes  after  exposure.  Eaoh  test  and  con¬ 
trol  was  repeated  at  least  seven  times  for  eaoh  test  organism. 

2.  Results 

a.  Experiment  I  -  Artificially  Produoed  Aerosols 

An  empty  open-top  cage  was  placed  in  the  center  of  a  shelf  on  a 
UV  cage  rack.  S.  indica  culture  was  nebulised  in  the  bottom  of  the  cage 
and  four  sieve  air  samplers  were  operated  one  foot  from  the  cage  during 
alternate  on  and  off  periods  of  the  UV  lamps.  The  results  obtained  in  five 
replicate  experiments  are  given  in  Table  XLV.  The  UV  radiations  prevented 
the  esoape  of  97  to  100  per  cent  of  the  organisms  which,  in  the  absence  of 
UV,  were  recovered  by  the  four  air  samplers. 


READINGS  ON  FRONT  EDGE  OF  CAGES 


READINGS  AT  CENTER  OF  CAGES 


Figure  43.  Typical  UV  X&taniitiai  Obtained  on  an  Aniaal  lack 
Shelf  Iquippad  with  Two  Cages  and  Two  UV  Fixtures. 
Arrows  indicate  the  direction  of  the  radiation, 
leadings  are  given  in  Microwatts  per  sq  on. 
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TABLE  XLV.  PASSAGE  OF  ARTIFICIALLY  PRODUCED  AEROSOLS  OF 
S.  INDICA  FROM  A  CAGE  ON  AN  UV  RACK  TO  THE  ROOMS' 


TOTAL  COLONIES  COLLECTED  IN  5  MINUTES^/ 

PER  CENT  REDUCTION 

UV  Off 

UV  On 

BY  UV 

Taat  1 

1200 

0 

100 

Taat  2 

1267 

34 

97 

a.  Control  air  aampla a  takan  immadiataly  prior  to  nabuliaation  war*  naga- 
tiva  for  S.  indiea. 

b.  Avaraga  o?  fiva  experiment a. 


Tha  aaoond  taat  waa  concarnad  with  croaa-contamination  batwaan 
oagaa.  S.  indica  waa  nabuliaad  in  tha  bottom  of  tha  oantar  oaga  of  thraa 
opan  oagaa  on  tha  oantar  ahalf  of  a  UV  oaga  raok  whila  air  aamplaa  wara 
baing  takan  by  maana  of  aiava  aamplara  in  tha  bottom  of  tha  othar  oagaa. 
Nabuliaation  waa  oontinuoua  throughout  tha  taat.  Tha  raaulta  ara  ahown  in 
Tabla  XLV1.  Croaa-oontamination  betwaan  oagaa  did  not  ooour  whan  tha  lanpa 
wara  on|  no  ooloniaa  grow  on  tha  aampla  plataa  in  thraa  duplioata  taata. 
Air  aampla a  takan  whan  tha  lampa  wara  off  alwaya  ahowad  S.  indioa  ooloniaa 
too,  numaroua  to  count. 


Vi: 


TABLE  XLVX.  PASSAGE  OF  ARTIFICIALLY  PRODUCED  AEROSOLS 
S.  INDICA  FROM  CAGE  TO  CAGE  ON  AN  UV  RACld' 


OF 


COLONIES  COLLECTED  IN  CAGES 

UV  Off  UV  On 

PER  CENT  REDUCTION 
BY  UV 

Taat  1 

TNTCfc/ 

0 

100 

Taat  2 

TNTC 

0 

100 

Taat  3 

TNTC 

0 

100 

ft* 


b. 


Control ‘air  aampla a  takan  inmadiataly  prior  to  nabuliaation  wara  naga< 
tiva  for  S.  indica. 

Too  numaroua  to  count. 
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b.  Experiment  XZ  -  Secondary  Aerosols 

Tables  XLVXX  and  XLVXIX  and  Figure  45  summarise  results  obtained 
with  secondary  aerosols*  Guinea  pigs  whose  hair  was  contsminated  with  S. 
indica  or  with  B.  subtilis  spores  released  a  considerable  number  of  organ- 
isms  into  the  room*  in  the  absence  of  UV  an  average  of  479  oolonies  of 
S.  indica  and  1,824  colonies  of  B*.  subtilis  per  5  cubic  feet  of  air  wan  ob¬ 
tained  by  the  9  samplers  immediately  after  placing  the  exposed  animals  on 
the  cage  raok.  Air-borne  organisms  were  not  confined  to  the  immediate  area 
of  the  cage  rack  because  recoveries  were  obtained  by  the  samplers  located 
five  and  six  feet  from  the  rack.  Control  air  samples  taken  immediately 
prior  to  the  beginning  of  each  test  wsre  negative  for  S.  indica  and  B. 
subtilis. 


TABLE  XLVXX.  EFFECT  OF  UV  RADIATION  ON  AIR-BORNE  S.  INDICA 
,  RELEASED  FROM  THE  HAIR  OF  GUINEA  PIGS  "  — 


SAMPLING  TIME  AFTER  NUMBER  OF  COLONIES  COLLECTED!/  PER  CENT  REDUCTION 
START  OF  TEST  UV  Off  UV  On  BY  UV£/ 


0-5  minutes 

479 

13.0 

97.3 

30-35  minutes 

150 

1.4 

99.1 

60-65  minutes 

104 

0.8 

99.2 

240-245  minutes 

84 

0.3 

99.6 

a.  Average  of  8  experiments. 

b.  Obtained  by  comparing  the  recoveries  with  the  UV  on  and  off  at  eaoh 
sampling  time. 


TABLE  XLVIXI.  EFFECT  OF  UV  RADIATION  ON  AIR-BORNE  B.  SUBTILIS 
SPORES  RELEASED  FROM  THE  HAIR  OF  GUINEA  Pl3S  ‘ 


SAMPLING  TIME  AFTER 
START  OF  TEST 

NUMBER  OF  C0LGNIE3  COLLECTED!/ 

UV  Off  UV  On 

PER  CENT  REDUCTION 
BY  UW 

* 

0-5  minutes 

1824 

1663 

8.8 

30-35  minutes 

1442 

864 

40.1 

60-65  minutes 

1168 

626 

46.4 

240-245  minutes 

674 

350 

(UV  turned  off) 

48.1 

250-255  minutes 

eemis 

614 

... 

a.  Average  of  7  experiments. 

b.  Obtained  by  comparing  the  recoveries  with  the  UV  on  and  off  at  each 
sampling  time* 


O 


PER  CENT  SURVIVAL  OF  AIR-RORNE  ORGANISMS 
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MINUTES  AFTER  EXPOSURE 

Figure  45.  Reooveiy  of  Air-Borne  S.  indict  Colls  and  B.  subtills 

Sports  Released  fro*  Hiir  of  Four  Aerosol-Ixpot*!  fiuinea 
Pigs  Housed  in  Solid-Sided,  Soreened-Top  Cagee  Pltoed  on 
an  UV  Cage  Raok. 
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In  the  Absence  of  the  UV  barrier,  air-borne  spores  were  still 
present  in  large  numbers  and  the  vegetative  organisms,  to  a  lesser  degree, 

240  minutes  after  closure  of  the  animals  to  the  aerosol.  The  striking 
effect  of  the  UV  barrier  on  the  vegetative  organisms  (Table  XLVIX)  is 
shown  by  almost  complete  elimination  of  recoverable  bacteria.  By  compari¬ 
son,  although  there  was  a  considerabls  reduction  of  air-borne  spores,  a 
large  amount  still  survived  the  radiation  treatment  (Table  XLVIII).  The 
barrier  effect,  however,  is  clearly  shown  by  the  sharp  rise  in  recoverable 
spores  obtained  five  minutes  after  the  UV  was  turned  off  (Figure  48). 

The  reductions  in  recovery  of  air-borne  S.  Indica  and  B.  subtilis 
spores  from  aerosol-exposed  guinea  pigs  brought  abouT  by  the use  o?  the  UV 
lamps  on  the  cage  rack  are  summarised  in  Table  XLIX.  With  S.  indica.  reduc¬ 
tions  ranged  from  97  to  99  per  cent.  With  B.  subtilis  spores,  the  reductions 
ranged  from  9  to  48  per  cent. 


TABLE  XLIX.  EFFECTIVENESS  OF  THE  UV  CAGE  RACK  IN  REDUCING  THE  NUMBER 
OF  S.  INDICA  CELLS  AND  B.  SUBTILIS  SPORES  RELEASED  FROM  WITHIN 
”  -  THE  CAGETFRBOrnr OF  GUINEA  PIGS 


INTERVAL  BETWEEN  AEROSOL  EXPOSURE  OF 
ANIMAL  AND  AIR  SAMPLING,  minutes 

PER  CENT  REDUCTION 

S.  indioa  B.  subtilis  Snores 

0 

97 

9 

30 

99 

40 

GO 

99 

46 

240 

99 

48 

Average  Reduction 

98.5 

36.6 

3.  Discussion 

These  studies  demonstrate  the  usefulness  of  germioidal  radiation  as 
a  barrier  ovsr  animal  cages  to  reducs  the  entrance  and  exit  of  air-borne 
organisms.  Although  there  was  only  a  slight  difference  in  the  amounts  of 
vegetative  organisms  and  spores  in  the  aerosols  to  which  the  guinea  pigs 
were  exposed,  the  secondary  aorosols  produoed  with  spores  were  considerably 
greater.  This  probably  can  bo  accounted  for  by  the  greater  survival  ability 
of  the  spore .  The  fact  that  the  UV  barrier  had  a  reduced  effect  on  the 
spores  is  not  surprising  because  Duggar  and  Hollaender  (71)  observed  B. 
subtills  spores  to  be  several  times  as  resistant  to  UV  as  the  vegetative 
ceTfs“oT  the  same  strain.  This  was  confirmed  by  Herflik  (140)  with 
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B.  mogatorlum  and  by  Rontschlor  at  al  (247)  with  B.  aubtills.  and  by  experi¬ 
ments  by  the  authora  daaorlbad  on  paga  168.  Tha  Inoldant  anargy  at  2837A 
naoaaaary  to  inhibit  oolony  formation  in  90  par  eant  of  tha  organiaaa  for 
B.  aubtilia  aporaa  ia  aixfold  ovar  tha  anargy  naoaaaary  to  inhibit 
f.  aarcaacana  (151). 

Tha  valua  of  tha  VV  oaga  rack  haa  baan  danonatratad  in  our  labora- 
toriaa  ovar  a  pariod  of  approxiaataly  aight  yaara.  Zn  animal  rooma  con¬ 
taining  10  to  20  UV  oaga  racka,  tha  radiation  laval  in  tha  room  ia  suffi- 
oiant  to  eliminate  almoat  all  air-borna  and  many  aurfaoa  organiama.  No 
trouble  with  animal  epidemica  haa  baan  obaarvad  and  oroaa-infaotion  be¬ 
tween  oagaa  haa  not  baan  noted.  Soma  atray  radiation  antara  tha  oagaa  and 
although  thaaa  radiationa  have  baan  found  to  inaotivate  S.  lndioa  on  tha 
aurfaoa  of  agar  plate a ,  no  deleterious  affaota  of  UV  radiation  have  bean 
noted  on  tha  eyea  or  exposed  akin  of  animala. 

Animal  workara  muat  wear  akin  and  aye  protaotion  whan  working  in 
rooma  with  UV  oaga  raoka.  Zn  our  laboratoriaa  ventilated  paraonnal  hoods 
(Snyder  Manufacturing  Company.  New  Philadelphia,  Ohio)  are  worn  for  akin 
and  aya  protaotion  (Figure  46). 


E.  ULTRAVIOLET  ZN  INCUBATORS  AND  REFRZGERATORS 
1.  Effect  of  UV  Radiation  on  Stored  Culturaa 

In  oonaidaring  tha  applicability  of  germioidal  UV  radiation  for 
uaa  in  incubators,  refrigerators,  cabinet a f  and  other  anoloaad  apace a  sev¬ 
eral  phenomena  muat  be  invaatigatad  and  any  resulting  limitationa  applied 
in  practical  installation!.  Tha  pertinent  points  for  consideration  arei 

(a)  Kill  cultures  being  used,  stored,  or  inoubatad  under  UV 
radiation  ba  adversely  affected  because  of  penetration  of  tha  germioidal 
radiation,  through  tha  walls  of  tha  oontaining  vessel? 

(b)  Khat  detrimental  affaota  may  bo  oaused  by  tha  oaona 
produced  by  UV  lampa? 

a.  Preliminary  Experiments 

A  aariaa  of  preliminary  experiments  ware  conducted  in  refrig¬ 
erators  and  incubators.  One  ahalf  in  a  walk-in  type  refrigerator  room  waa 
equipped  with  two  overhead  30-watt,  hot  oathoda  lampa  looatad  20  inohaa 
above  tha  shelf.  Tha  purpose  of  tha  testa  waa  to  dataot  any  detrimental 
affects  to  glass  enclosed  oulturoe  whan  stored  under  tha  radiationa  at  5°C 
or  whan  incubated  under  tha  radiations  at  37°  or  30°C. 
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Figurfl  46,  Vonti'l 


Personnel,  Hood.  ( FD  Neg  C-3701) 


A  5,5-cubio  foot  incubator  was  equipped  with  a  15-watt  hot 
cathode  UV  lamp  in  its  ceiling.  A  similar  inoubator  without  the  UV  lamp 
waa  used  for  the  control  teat a.  Agar  and  broth  cultures  of  S.  indica  and 
Brucella  abortus  strain  19  were  used  as  test  organisms*  Incubation  was 
carried  out  on  two  shelves*  The  bottom  shelf  was  located  17  inches  from 
the  radiation  source  and  received  an  average  UV  intensity  of  150  microwatts 
per  square  centimeter.  The  top  shelf  was  eight  inches  below  the  UV  lamp 
and  received  an  average  of  250  microwatts  per  square  centimeter* 

Test  organisms  were  inoculated  onto  the  surface  of  agar  plate's 
or  into  flasks  of  broth)  duplicate  samples  were  inoubatsd  in  the  two  in¬ 
cubators  and  the  total  numbers  of  organisms  or  colonies  obtained  were  com¬ 
pared.  Agar  plates  were  first  incubated  agar  side  down.  It  was  found  that 
cultures  incubated  under  these  intensities  of  UV  radiation  showed  lower 
numbers  of  colonies  or  of  total  cells  than  the  control  oultures.  The  de¬ 
crease  ranged  from  10  to  90  per  cent,  the  higher  figure  being  obtained  with 
cultures  on  the  top  shelf.  Because  ordinary  laboratory  glassware  is  opaque 
to  2537A  radiation,  it  was  assumed  that  the  reduction  in  cell  yield  was  due 
to  penetration  of  the  glass  by  the  small  percentage  of  longer  waves  in  the 
erythemal  range.  The  germicidal  effectiveness  of  these  radiations  is  less 
(Table  XII)  than  that  of  UV  radiation  in  the  2537A  range,  but  the  long  ex¬ 
posure  time  provides  a  sufficient  dose  to  effect  a  noticeable  killing.  A 
covered  set  of  controls,  which  was  included  in  the  incubator  with  the  UV 
lamp  with  each  experiment,  showed  that  very  little  or  none  of  the  lethal 
action  was  due  to  the  presence  of  osone.  When  the  UV  intensities  in  the 
incubator  wens  reduced  to  100  microwatts  per  square  centimeter  or  less,  very 
little  inhibition  of  the  two  test  strains  was  noted* 

The  average  intensity  of  UV  radiation  falling  upon  the  test 
shelf  in  the  walk-in  refrigerator  room  was  280  microwatts  per  square  centi¬ 
meter.  When  broth  cultures  of  S*  indica  and  B«  abortus  strain  19  were 
stored  at  5°C  under  the  lamps  for  periods  as  long  as  ii  days,  no  signifi¬ 
cant  reduction  in  the  number  of  viable  cells  was  found.  The  control  cul¬ 
tures  were  stored  at  the  same  temperature  but  not  exposed  to  the  radiation. 

The  above  results  are  conflicting  because  an  intensity  of  250 
microwatts  per  square  centimeter  for  42  days  in  the  refrigerator  showed  no 
deleterious  effects  on  stored  test  organisms,  whereas  in  the  incubator 
tests,  150  microwatts  per  square  centimeter  for  two  or  three  days  yielded 
oounts  10  to  90  per  cent  below  that  of  the  oontrol  cultures.  It  has  been 
shown,  however,  that  UV  has  a  more  deleterious  effeot  on  young  growing  cul* 
tures  than  on  old  resting  cells. 

b.  Quantitative  Experiments 

Further  tests  were  made  to  determine  quantitatively  the  inhibi¬ 
tory  effects  of  various  amounts  of  germicidal  energy  on  Petri  dish  oultures 
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The  teste  were  conducted  In  an  air-conditioned  room  containing  a  recircu¬ 
lating  air  blowar  and  sufficient  natural  ventilation  to  remove  all  traoei 
of  osone.  S.  indloa  waa  used  as  the  test  organism.  Inoculated  agar  plates 
(closed)  were  exposed  and  inoubated  on  open  shelves  in  the  room  where  the 
temperature  (25°C)  permitted  good  growth  of  the  test  organism  in  24  hours* 
The  intensity  of  the  radiation  falling  on  the  dishes  was  varied  by  ehanging 
the  distances  from  the  UV  lamp  to  the  shelf  below.  The  Petri  dishes  were 
incubated  agar  side  up  and  agar  side  down. 

An  inoculum  sufficient  to  give  30  to  300  colonies  per  Petri 
plate  was  spread  evenly  over  the  surfaoe  of  a  group  of  agar  plates.  Eaoh 
plate  received  the  same  inoculum.  One-hali  of  the  inoculated  plates  were 
controls  (shielded  from  the  UV  radiation).  The  remaining  plates  were  in¬ 
cubated  adjacent  to  the  controls  and  closed  to  UV  radiation  from  above. 

The  plates  were  placed  so  that  each  received  the  same  amount  of  radiation. 
The  Petri  dishes  were  allowed  to  incubate  under  these  conditions  for  18  to 
24  hours.  The  oolonies  were  then  counted  and  compared  with  the  total  number 
of  colonies  appearing  on  the  closed  and  the  nonexposed  agar  plates.  The 
test  was  repeated  a  number  of  times  to  insure  consistent  and  reproducible 
results.  Four  radiation  intensity  levels  were  used. 

c.  Plates  Exposed  Agar  Side  Up 

It  is  a  general  practioe  to  incubate  agar  plates  with  the  agar 
side  up  (inoculated  surface  toward  the  bottom)  to  prevent  excessive  moisture 
condensation  on  the  agar  surfaces.  If  plates  incubating  in  this  manner  are 
irradiated  from  above,  light  waves  must  penetrate  both  the  Pyrex  glass  and 
the  agar  before  reaching  the  growing  baoterial  cell. 

Fifteen  to  twenty  milliliters  of  melted  com  steep  agar  were 
used  in  each  Petri  dish.  The  solidified  agar  was  dark  brown  in  color  and 
translucent  to  white  light.  A  total  of  26 , 662  S.  indioa  agar  colonies  were 
counted.  Of  these,  13,325  colonies  were  counted  on  control  plates  not  ex¬ 
posed  to  UV  radiation  but  exposed  in  the  same  room,  and  consequently  to  any 
oBone  present.  The  remaining  13,337  colonies  were  oounted  on  an  equal 
number  of  plates  exposed  agar  side  up  during  inoubation  to  four  different 
UV  intensities.  The  results  of  these  tests  and  the  intensities  used  are 
shown  in  Table  L. 

Intensities  of  UV  as  high  as  400  microwatts  per  square  oenti- 
meter  did  not  result  in  detectable  inhibition.  There  was  no  noticeable 
difference  in  the  sise  or  pipnent  in  the  S.  indioa  colonies  counted.  Ap¬ 
parently,  2537A  radiation  at  this  intensify  level  has  no  effeot  when  di¬ 
rected  toward  the  agar  side  of  an  incubating  Petri  dish. 
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TABLE  L.  GROWTH  OF  S.  INDICA  COLONIES  ON  AGAR  SURFACES  WHEN  THE 
PETRI  DISHES  WEffE  EXPOSED  AGAR  SIDE  UP  TO  UV  RADIATION 


UV  INTENSITY, 
microwatts  per  sq  cm 

NUMBER  S.  INDICA  COLONIES  COUNTED 

Control  Plates 

Exposed  Plates 

Total 

100 

3104 

3040 

6144 

300 

3504 

3652 

7156 

350 

3285 

3363 

6633 

400 

3431 

3292 

6723 

Over-all  totals 

13325 

13337 

26662 

d.  Plates  Exposed  Agar  Side  Down 

When  incubated  agar  plates  are  placed  agar  side  down  and  ir¬ 
radiated  from  above,  the  agar  colonies  are  inhibited  aooording  to  the  in¬ 
tensity  of  the  radiation  falling  upon  the  glass  surface.  These  tests  were 
performed  in  exaotly  the  same  manner  as  the  previous  tests  exoept  that  all 
plates  were  placed  agar  side  down. 

A  total  of  48,584  colonies  were  counted  during  the  tests.  Of 
these,  28,000  were  counted  on  control  plates  not  exposed  to  UV  radiation. 

The  remaining  20,684  colonies  appeared  on  an  equal  number  of  plates  that 
had  been  incubated  agar  side  down  but  exposed  to  four  UV  intensities.  As 
shown  in  Table  LI,  a  reduction  of  almost  70  per  cent  was  obtained  on  the 
plates  exposed  to  400  microwatts  per  square  eentimeter  2587A  radiation 
while  at  100  microwatts  per  square  centimeter  the  reduction  was  six  per  cent. 
In  addition,  colonies  appearing  on  the  agar  surfaces  tended  to  be  smaller 
than  the  control  colonies  and  showed  a  pink  instead  of  a  red  pigment.  This 
effect  was  more  marked  as  higher  intensities  were  used.  Thus,  if  inooulated 
agar  plates  are  incubated  agar  side  down  and  irradiated  with  2B37A  radia¬ 
tion  at  intensities  of  100  microwatts  per  square  oentlmeter  or  more,  inhibi¬ 
tion  of  bacterial  growth  will  ocour. 

At  first  glance  the  results  of  these  bacteriologioal  tests 
seem  to  conflict  with  the  data  which  show  the  inability  of  Pyrex  and  other 
types  of  glass  to  transmit  2537A  UV.  The  bacteriological  tests  were  con¬ 
ducted  in  such  a  way  that  inhibition  by  osone  was  impossible.  If  Pyrex 
Petri  dishes  do  not  transmit  wave  lengths  of  2537A,  how  may  the  inhibition 
of  the  exposed  test  cultures  be  explained?  The  most  logical  explanation 
is  that  the  reduction  in  count  on  the  ejq>osed  Petri  plates  was  a  result  of 
penetration  of  wave  lengths  other  than  2537A.  The  germicidal  UV  lamp  pro¬ 
duces  95  per  cent  of  its  radiation  in  the  2537A  band.  The  remaining  five 
per  cent  consists  of  longer  and  shorter  radiation.  Table  X  shows  that  the 
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lamps  wait  0,22  par  oant  of  tha  total  energy  In  tha  3022A  band,  1,90  par 
eant  in  tha  3130A  band,  and  2.0  par  oant  in  tha  3650A  band.  A  ahaat  of 
Fyrax  glaaa  thraa  millimeters  in  thickness  (Tabla  XII)  will  transmit  21,  47, 
and  89  par  oant  respectively  of  tha  light  of  thaaa  wava  langtha.  Also,  tha 
estimated  ralativa  garmicidal  effectiveness  of  3650A  ia  0.25  par  oant.  With 
tha  long  exposures  poaaibla  during  inoubation,  it  is  likaly  that  tha  detri- 
mantal  affaota  damonatratad  in  thaaa  taata  oan  ba  attributed  to  tha  action 
of  radiation  longar  than  2537A. 

\ 

TABLE  LI.  GROWTH  OF  S.  INDICA  COLONIES  ON  AGAR  SURFACES  WHEN  THE 
-  PETRI  DISHES  WERE!" EXP^SST / GAR  SIDE  DOWN  TO  UV  RADIATION 


UV  INTENSITY, 
miorowatta  par  sq  om 

NUMBER  S.  INDICA  COLONIES  COUNTED 

PER  CENT 
REDUCTION 
BY  UV 

RADIATIONS 

Control 

Plates 

Exposed 

Plates 

Total 

100 

14193 

13291 

27484 

6.35 

300 

7170 

4930 

12000 

31,24 

350' 

3388 

1329 

4717 

60.77 

400 

3249 

1034 

4283 

68,17 

Over-all  totals 

28000 

20684 

48564 

26.13 

That  auoh  a  auppoaition  ia  poaaibla  nay  ba  anphasisad  by  oon- 
•idaring  a  thaoratioal  example.  If  a  oartain  cultura  ia  inaotivatad  by 
diraet  axpoaura  to  2537A  UV  at  an  intanaity  of  100  miorowatta  par  square 
oant imatar  for  ona  minute,  , than  1.90  par  oant  of  thia  radiation  will  ba  of 
wava  langth  3130A.  Suppose  that  wava  length  3130A  is  ona  par  oant  as  effeo- 
tiva  aa  2537A.  If  tha  cultura  ia  covered  with  a  ahaat  of  Pyrax  glaaa,  nona 
of  tha  2537A  radiations  will  panatrata,  and  47  par  cant  of  tha  3130A  wava 
langtha  will  ba  transmittad.  Tharafora,  tha  equivalent  garmicidal  UV  radia¬ 
tion  reaching  tha  oultura  would  ba  0.00893  miorowatta  par  aquara  oantimater 
and,  in  11,198  minutaa  or  186.6  hours,  tha  eovered  oultura  would  receive  a 
doaaga  of  3130A  radiation  equal  in  germieidal  activity  to  tha  original  direct 
axpoaura  of  100  miorowatta  of  2537A  par  aquara  oantimater  for  ona  minute. 
Thus,  although  Pyrax  glass  will  not  transmit  light  of  wava  langth  2537A, 
penetration  of  tha  longar  UV  radiation  for  long  periods  of  time  may  ahow 
definite  germioidal  notion. 
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e.  Conclusion! 

The  regular  16-  or  17-watt  UV  lamps  should  not  b§  used  in  non- 
walk-in  type  incubators  and  rafrigsrators.  If  a  snallar  siso  of  lamp  is 
usod  ths  intensity  should  ba  below  100  microwatts  per  square  oentimeter. 

It  is  desirable  to  use  UV  lamps  in  walk-in  type  incubators, 
refrigerators  and  hoods,  but  oars  must  be  taken  that  the  lamps  are  in¬ 
stalled  in  suoh  a  manner  that  the  maximum  intensities  reaching  glass  en¬ 
closed  cultures  is  less  than  100  miorowatts  per  square  centimeter.  Bac¬ 
terial  cultures  should  be  kept  at  distances  from  UV  lamps  greater  than  the 
following! 

(a)  15-inch,  hot  cathode  lamps  cultures  to  be  kept  at  a 
distance  of  18  inohes  or  more) 

(b)  36-inch,  hot  eathode  lamps  cultures  to  be  kept  at  a 
distance  of  36  inohes  or  morei  (Hot  oathode  lamps  are  not  designed  to  be 
used  in  refrigerators.) 

(o)  34-inch,  cold  oathode  lamps  cultures  to  be  kept  at  a 
distance  of  24  inohes. 

2.  Effeots  of  UV  Radiation  in  a  Walk-In  Inoubator 

Conditions  in  walk-in  ineubators  are  generally  favorable  for  the 
survival  or  growth  of  contaminating  microorganisms.  Sinoe  incubators 
usually  are  not  ventilated,  the  microbial  population  may  be  quite  high. 

When  infectious  cultures  are  incubated,  escape  of  pathogens  from  broken 
flasks  or  from  flasks  with  missing  stoppers  may  constitute  a  hasard  to 
persons  entering  the  incubator.  Breakage  or  spillage  on  a  shaking  maohine 
or  from  a  culture  aeration  apparatus  may  be  espeoially  dangerous. 

Evaluation  studies  were  made  of  the  effectiveness  of  UV  radiation 
in  redueing  surface  and  air-borne  miorobial  flora  in  a  9  x  8-foot  walk-in 
incubator  room  with  an  8-foot  ceiling.  Triplicate  samples  of  air  and  sur¬ 
faces  in  the  room  (-30°C),  were  taken  for  six  days  under  three  separate  con¬ 
ditions  and  examined  for  common  baoteria  and  fungi.  The  conditions  weret 

(a)  Control  -  no  UV. 

(b)  Indirect  UV  -  one  17-watt  oold  oathode  UV  lamp  mounted 
eitfit  inohes  below  the  oeiling  in  the  oenter  of  the  room  and  shielded  to 
irradiate  upwards. 

(o)  Indirect  and  direct  UV  -  condition  (b)  plus  one  17-watt 
lamp  mounted  12  inches  below  the  oeiling  and  irradiating  downward. 
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Indirect  UV  radiation  of  low  intensity  (due  mostly  to  refleotanoe) 
was  present  on  the  upper  shelves  in  the  roonf  but  no  radiation  reaehed  the 
floor*  When  both  lamps  were  burning,  17  to  82  mierowatts  per  square  centi¬ 
meter  of  radiant  energy  wire  present  on  the  shelves,  and  the  exposed  floor 
area  received  approximately  13  mierowatts  per  square  eentimeter  (Figure  47). 

During  the  six-day  test  for  eaoh  condition,  normal  use  of  the  in¬ 
cubator  was  continued.  The  bacteria  and  fungi  recoverable  from  the  air  by 
sieve  samplers  and  from  the  walls  by  moistened  sterile  swabs  during  the 
test  periods  were  reduced  by  83  to  100  per  oent  as  compared  to  the  oontrols 
(Table  LII).  Indirect  UV  radiation  reduoed  the  number  of  microorganisms  on 
the  floor  only  slightly.  Direct  radiation  caused  an  86.6  per  cent  reduction 
in  floor  baoteria  on  exposed  surfaces,  but  the  reduction  in  numbers  of  fungi 
was  not  determined  because  of  overgrowth  by  bacteria  in  the  control  samples. 


TABLE  LIX.  REDUCTION  OF  ORGANISMS  BY  CONTINUOUS  UV  RADIATION 
IN  AN  INCUBATOR  ROOM  (30°C) 


PER  CENT  REDUCTION  BY  ULTRAVIOLET^/ 

CONDITION  TESTED 

O  ^ 

Indirect  Ultraviolet 

Direct  and 
Indireot  Ultraviolet 

Baoteria 

Fungi 

Bacteria  Fungi 

Air-borne  organisms 
Organisms  on  the  floor 
Organisms  on  the  walls 

mmta^Zr 

99.4 

-«!>7/ 

92.0 

91.8  84.7 
86.6  — £/ 
100  100 

a.  Averaged  from  samples  in  triplicate  taken  on  each  of  6  days. 

b.  Very  little  reduction. 

o.  Reduction  not  determined. 


Obviously,  when  UV  is  used,  the  microbial  population  is  reduoed  and 
then  remains  rather  constant.  Equilibrium  conditions  were  maintained  al¬ 
though  normal  use  of  the  incubator  continued.  When  indirect  UV  was  used, 
all  air  samples  were  taken  close  to  the  floor  where  no  radiation  was  present. 
Air  circulation  was  therefore  responsible  for  lower  air  oounts  in  all  parts 
of  the  incubator.  Of  oourse,  no  decontamination  occurred  on  surfaoes  not 
exposed  to  radiation. 

The  reduction  of  fungi  was  about  the  same  as  fox’  bacteria,  in  spite 
of  the  fact  that  molds  are  considered  to  be  100  to  1,000  times  as  resistant 
as  baoteria  (174).  This  parallelism  suggests  that  the  exposure  times  were 
sufficient  to  kill  even  the  hardiest  microorganisms,  and,  in  reality,  the 
limiting  faotor  for  destruction  was  the  ability  or  inability  of  the  radia¬ 
tion  to  reach  the  cells. 


1  FOOf 


Figura 


47. 


UV  Xntansitias  in  Microwatts  Par  Sq  Cn  in  an  Incubator 
Rooa.  Two  Cold  Cathoda  Laapa.  ^  0 

Arrows  indioato  tha  diroetion  of  tho  radiations. 

Sksteh  raprasants  a  vartioal  aaotion  through  tha 
eantar  of  tha  row. 
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Besides  constantly  functioning  to  eliminate  ordinary  baoteria  and 
molds  in  walk-in  incubators,  UV  lamps  should  be  capable  of  reducing  or 
eliminating  aerosols  of  infectious  agents  that  might  be  suddenly  produced 
in  a  room  by  an  accident.  Tests  were  carried  out  to  evaluate  the  effective¬ 
ness  of  the  UV  lamps  in  the  test  room  when  large  numbers  of  test  organisms 
were  suddenly  released.  Broth  cultures  of  S.  Indies  were  nebulised  in  the 
incubator  room  under  the  same  conditions  of”UV  exposure  as  in  the  previous 
tests.  Sieve  samplers  were  used  to  recover  the  test  organisms.  Four  mil¬ 
liliters  of  a  £.  indies  culture  (2  x  10“  cells  per  ml)  were  nebulised  and 
air  samples  taken  at  various  time  intervals,  beginning  at  the  start  of  neb- 
ulisation. 

The  results  are  shown  in  Table  LIII.  During  the  control  run  (UV 
lamps  off),  test  organisms  wore  present  in  the  air  one  hour  after  nebulis¬ 
ing,  but  not  after  two.  The  use  of  the  indirect  UV  lamp  eliminated  all 
recoverable  air-borne  S.  Indies  in  less  than  ten  minutes.  Using  both  the 
direct' and  indirect  uVradiation,  a  rapid  kill  of  the  organisms  was  ob¬ 
tained,  as  evidenced  by  the  fact  that  no  viable  cells  could  be  recovered 
during  the  first  sampling  period  (sero  minutes).  The  nebuliser  was  looated 
in  the  center  of  the  room,  about  three  feet  from  the  floor. 

UV  radiation  is  not  recommended  for  incubators  if  it  is  oritioally 
important  to  preserve  the  genetic  or  nutritional  characteristics  of  the 
microorganisms  in  use.  In  other  situations,  however,  the  use  of  gemioidal 
radiation  can  provide  good  protection  in  walk-in  type  refrigerators  and 
incubators  to  control  hasards  created  by  the  escape  of  infectious  micro¬ 
organisms. 
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TABLE  LIII.  RECOVERY  OF  S.  JNDICA  IN  A  WALK-IN  INCUBATOR  ^ 
DURING  AND  AFTER  NEBUllzAflotf  AND  THE  EFFECT  OF 
UV  RADIATION  ON  RECOVERY 


NUMBER  OF  AIR-BORNE  S.  INDICA  CELLS  RECOVERED  PER  CU  FT 


TIME,  minutes 

Condition 

UV  Off 

Indirect  UV  On 

Direct 

and  Indirect  UV  On 

0 

60 

60 

0 

10 

0 

0 

20 

0 

0 

.  60 

44.8 

0 

0 

120 

0 

0 

•"  0 

F.  THE  UV  DECONTAMINATION  CHAMBER 

The  UV  decontamination  chamber  is  a  two  door,  roctangular  shaped, 
•tainlaaa  ataol  box,  daaignad  to  ba  inctallad  in  tha  wall  or  door  aeparat- 
ing  oontaminatad  araaa  from  clean  araai  (Figuraa  48  and  49).  Tha  purpoaa 
of  tha  chamber  ia  to  provida  a  maohaniam  by  whioh  aaall  artiolaa  oan  ba 
tranafarrad  from  olaan  to  potantially  contaninatad  araaa  and  by  whioh 
ahaata  of  papar  and  aimilar  amall  artiolaa  may  ba  dacontaminatad  and  paaaad 
from  oontaminatad  to  olaan  araaa.  Tha  doora,  whioh  oompriaa  tha  two  enda 
of  tha  box,  hava  amall  aight  glaaaaa.  Tha  ovar-all  dimanaiona  arai  haight, 
38  inchaai  width, 22  inches}  and  dapth,  16  inohas.  Two  36-inch,  30-watt  hot 
eathoda  UV  lampa  ara  mountad  vartioally  on  the  inaida  of  aaoh  door.  An 
activating  awitoh  with  blue  indioator  light,  ia  looatad  on  tha  outaida  of 
aaoh  door  enabling  oparatora  to  turn  tha  lampa  off  or  on  frblii^oithar  aide. 
The  amall  window  oan  ba  uaad  to  aaa  if  all  lampa  ara  lit.  ' 

Tha  preaence  of  tha  four  UV  lampa  in  the  oabinat  oauaaa  a  oonaidarabla 
riaa  in  temperature  within  tha  ehamber.  Whan  tha  temperature  of  tha  out¬ 
aida  air  ia  approximately  25°C,  a  temperature  of  44°C  ia  reaohed  within 
tha  ehamber. 

High  intanaitiaa  of  UV  radiation  ara  praaant  throughout  the  chamber} 
from  500  to  1500  miorowatta  par  aquara  centimeter.  Tha  vartioally  mountad 
lampa  extend  almost  tha  entire  length  of  the  chambar  and  oonaequently  there 
ia  vary  little  ahadowing  whan  papera  are  plaoad  on  tha  horizontal  ahalvaa. 
Exoapt  for  tha  amall  area  where  tha  ahaata  of  paper  reet  upon  tha  a half,  ' 
tha  entire  ahaat  ia  irradiated. 

1.  Effaot  of  UV  Radiation  on  Plaatio  Raoording  Diaoa 

Plaatio  raoording  diaoa  ara  eometimee  uaad  in  oontaminatad  araaa 
and  after  uaa,  they  ara  taken  to  tha  olaan  area.  Voioa  tranaoriptiona 
ware  made  on  plaatio  diaoa  whioh  ware  than  plaoad  in  tha  UV  chamber  for  a 
period  of  48  houra.  Tha  expoeura  oauaad  tha  diaoa  to  ohange  from  a  light 
gray  to  a  dark  green.  No  brittleneea  or  atiokinaaa  waa  obaerved  and  they 
ware  otherwiee  in  perfect  condition.  On  tha  playbaok  maohina,  tha  oleer- 
naaa  and  volume  of  tha  voioa  waa  tha  aama  aa  on  an  unoxposad  tranacription. 

2.  Decontamination  of  Plaatio  Raoording  Diaoa 

Plaatio  raoording  diaoa  ware  artifically  oontaminatad  with  aeveral 
million  oalla  of  S.  lndioa.  oxpoaad  in  tha  ohamber  for  a  ahort  period  of 
time  and  subjected  to  tests  to  recover  viable  oalla.  No  S.  lndioa  waa  re¬ 
covered  after  ten  minuten  exposure  time  in  the  UV  ohamberT 
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3.  Effect  of  UV  Radiation  on  Paper 

Bond  typing  papar,  notebook  papar,  and  other  types  of  paper  avail¬ 
able  in  the  laboratory  were  exposed  to  radiation  in  the  UV  chambers  for 
periods  up  to  24  hours.  There  was  no  effeot  other  than  a  slight  ourling 
of  the  edges  of  the  paper.  Prolonged  exposures  (one  week  to  one  month) 
produced  yellowing  of  paper  and  brittleness  but  were  not  considered  impor¬ 
tant  because  the  tine  necessary  to  decontaninate  usually  does  not  exceed 
ten  minutss* 

4.  Decontamination  of  Paper 
a.  Experimental  Tests 

Tests  were  conducted  using  a  smooth  surface  paper  (bond  typing 
paper)  and  a  relatively  rough  paper  ( scratch  pad  paper) .  Test  strips  were 
sterilised  and  artificially  contaminated  with  test  organisms.  After  expo¬ 
sure  in  the  UV  chamber,  the  strips  were  placed  in  a  small  quantity  of  broth 
and  an  attempt  made  to  recover  viable  cells. 

In  the  first  test  S.  Indies  was  used  as  the  test  organism.  The 
test  strips  were  contaminated  ljy  simply  wetting  the  surfaoe  with  a  broth 
culture  of  S.  Indies  containing  1  x  10®  cells  per  milliliter.  Periods  of 
30  to  90  minutes  o* exposure  were  required  to  eliminate  all  viable  cells* 

Next,  a  broth  suspension  of  B.  subtilis  var.  niger  spores  was 
used  to  inooulate  test  strips.  Hhen  heavily  contaminated  in  this  manner, 
irradiation  in  the  chamber  failed  to  inaotivate  all  spores  in  reasonable 
periods  of  time.  Strips  of  smooth  paper  were  sterile  in  72  hours. 

Further  tests  involved  paper  strips  that  had  been  contaminated 
with  atomised  S.  indioa  cells.  A  total  of  60  smooth  paper  strips  and  60 
rough  paper  strips  were  exposed  from  5  to  30  minutes  in  the  UV  ohamber.  For 
each  type  of  paper,  10  strips  each  were  exposed  for  5,  10,  16,  20,  26,  and 
30  minutes*  Unexposed  controls  were  covered  and  placed  in  the  ohamber  to 
insure  that  the  observed  effects  were  not  due  solely  to  the  temperature* 

All  of  the  exposed  smooth  paper  strips  samples  were  sterile  and 
all  controls  showed  growth.  All  but  one  of  the  rough  paper  samples  were 
sterile,  and  all  controls  were  positive.  The  one  positive  rough  paper 
strip  was  from  a  ten-minute  exposure  test  and,  since  the  five-minute  expo¬ 
sures  were  sterile,  this  positive  sample  probably  resulted  from  contamina¬ 
tion  ooourring  after  the  exposure.  The  five-minute  exposure  period  was  suf¬ 
ficient  to  sterilise  both  types  of  paper  contaminated  with  S.  indioa* 

In  the  UV  chamber,  the  contact  area  of  the  paper  to  the  sholf 
is  kept  to  a  minimum  by  using  small,  circular  rods.  During  these  tests, 
attempts  were  made  to  recover  viable  S.  Indies  cells  from  the  place  of  oon- 
taot  on  contaminated  tost  strips  of  paper.  No  viable  oells  could  be  recov¬ 
ered.  It  is  logioal,  however,  to  assume  that  this  would  be  a  function  of 
the  degree  of  contamination  of  the  paper. 
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b.  Conclusions 

(1)  Ths  UV  chamber  should  not  bo  usod  to  trout  papers  contaai- 
nstod  with  spore-foraing  microorganisms. 

(2)  It  should  not  bo  usod  to  trout  pspors  known  to  bo  grossly 
oontaainated,  e.g,,  contaminated  with  liquid  cultures* 

(3)  Tho  chsabor  nuy  bo  usod  to  trout  pupors  potontiully  oon- 
taainated  with  vogotutivo  microorganisms* 

(4)  Pspors  to  bo  troutod  should  bo  sopurutod  individually  so 
that  all  sidos  aro  exposed  to  tho  radiations* 

(5)  An  oxposuro  tins  of  at  loast  10  ainutos  for  oaoh  shoot  of 
papor  is  rooooflsondod* 

(6)  UV  lsaps  should  always  bo  turnod  off  boforo  opening  tho  v 

cabinet . 


(7)  Tho  lsaps  should  bo  eloanod  frequently  and  roplaood  when 
they  deteriorate. 


G.  UV  PASS-THBOUGH  CHAMBER  FOR  SINGLE  SHEETS  OF  PAPER 

In  infootious  disease  laboratories  "contaminated"  areas  aro  soaotiaos 
physically  separated  froa  adjoining  clean  areas  suoh  as  offices.  libraries 
and  conforenee  rooas,  In  suoh  instanoos  it  is  desirable  to  disinfoot  or 
sterilise  papers  usod  for  recording  data  in  tho  Isboratory  boforo  they  aro 
passed  to  tho  elean  area*  Although  sterilisation  oan  bo  offootod  by  auto¬ 
claving  or  by  troataont  with  othylene  oxide  gas  (166) ,  tiao  or  faoilitios 
nay  aako  thoso  nothods  iapraotical,  A  pass-through  chsabor  utilising  high 
intensity  radiations  has  boon  developed  for  disinfecting  single  shoots  or 
paper.  This  chsabor  oliainates  objections  to  tho  ohaabor  previously  tested* 
Tho  apparatus  has  boon  tested  using  strips  of  papor  oontaainated  with  four 
different  apooios  of  organises* 

1.  Materials  and  Methods 

i 

Exterior  and  interior,  views  of  tho  chsabor  aro  shown  in  Figures  60 
and  61.  Tho  housing  is  fabricated  froa  shoot  aluainua  and  aeasuros  24g  x 
6x5  inches*  When  a  single  sheet  of  papor  15  inohes  or  loss  in  width  is 
inserted  in  tho  slot,  it  is  oaught  by  two  synchronously  revolving  rollers 
which  push  tho  psper  at  a  controlled  rate  past  four.  15-watt  UV  leaps* 

Eaoh  side  of  tho  shoot  reoeives  radiation  froa  two  laaps.  The  rollers  are 
driven  by  a  small  ton  rovolutions  per  ainuto  oloetrio  motor*  which  aoves 


«  Holtsor-Cabot  Goar  Hoad  Motor,  RWC  2505,  Holtsor-Cabot  Divisions, 
National  Pneuaatio  Co,,  Inc,,  Boston,  Massachusetts. 


figure  60* 
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the  paper  at  the  rat*  of  on*  inch  awry  3.25  seconds.  Tha  papar  aa  it 
paaiaa  through  tha  apparatus  ia  subjected  on  aaoh  aida  to  UV  intanaitiaa 
varying  from  8,000  to  approximately  28,000  microwatt a  par  square  eentimeter. 
Tha  total  UV  radiation  ia  about  7,500  microwatta-minutea  par  square  eenti¬ 
meter  or  4,500,000  ergs  par  square  eentimeter. 

The  chamber  ia  designed  for  installation  in  a  wall  or  doorway 
separating  an  infectious  unit  from  a  clean  section.  To  facilitate  mainte¬ 
nance,  the  front  panel  of  the  unit  is  hinged  to  permit  removal  of  the  in¬ 
side  structure  (Figure  51),  A  switch  located  on  the  front  of  the  chamber 
operates  the  motor  and  two  of  the  UV  lamps.  The  other  two  lamps  burn  con¬ 
tinuously  to  prevent  the  passage  of  air-borne  microorganisms.  Laboratories 
in  infectious  disease  units  are  often  maintained  under  a  reduced  air  pres¬ 
sure  as  compared  to  clean  office  areas  to  prevent  cross-contamination. 

When  the  chamber  is  installed  between  areas  of  unequal  air  pressure,  it  is 
necessary  to  provide  an  air-tight  oatoh  box  to  receive  the  disinfected 
sheets  of  paper.  A  suitable  oatch  box  of  clear  Plexiglas  is  shown  in  Figure 
52.  The  box  has  a  bottom-opening  door  whioh  utilises  a  magnetic  fastener. 
The  design  described  herein  represents  the  most  effeotive  of  several  devel¬ 
oped  and  evaluated. 

The  effectiveness  of  the  apparatus  was  tested  by  passing  artificial¬ 
ly  contaminated  strip!  of  white  bond  paper,  8  inohes  x  l£  inches,  through 
the  machine  and  comparing  the  number  of  viable  organisms  remaining  per 
square  inch  of  paper  with  the  number  before  UV  treatment.  Test  organisms 
were  Bacillus  aubtllis  var.  nicer  spores,  Serratia  marcs scans.  Escherichia 
coll  3/r  and  T-S  eoliphage.  The  strips  were  contaminated  with  spores  by 
exposing  them  in  a  rectangular  plastic  cabinet  (236)  in  whioh  an  aerosol  of 
bacterial  spores  was  generated.  Liquid  cultures  of  the  other  organisms 
were  spread  evenly  over  the  paper  strips.  Unirradiated  inooulated  strips 
served  as  oontrols.  Organisms  were  washed  from  the  strips  by  shaking  in 
100  milliliters  of  sterile  saline.  Dilutions  wore  made  and  aliquots  were 
plated  from  the  control!^  but  the  entire  100  milliliters  of  wash  fluid  from 
the  irradiated  strips  wme  cultured, 

2.  Results 

The  results  are  shown  in  Table  LIV.  The  UV  chamber  was  100  per  cent 
effective  against  S.  marcs scans  and  coliphage,  and  99.97  per  cent  effeotive 
against  bacterial  spores. 

To  determine  the  possible  effect  of  photoreactivation  (158)  on 
oells  "killed"  in  the  chamber,  experiments  were  included  in  whioh  UV  re¬ 
sistant  E.  coli  B/r  cells  on  paper  were  treated  with  2537A  radiation  add 
exposed  To  reactivating  illumination  in  the  visible  or  noar-ultraviolet 
range.  Without  reactivating  l.'.ght,  UV  treatment  in  the  apparatus  reduced 
the  cell  concentration  from  19,000  to  0.55  cells  per  square  inoh  of  pq>er 
(Table  LIV).  When  UV  treated  cells  were  washed  from  the  paper  and  exposed 


Figuro  62.  Rocoivlng  Box  for  £V  Ftpor  Storiliior. 
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for  60  minutes  to  illumination  from  daylight  fluoraaoant  lamps  or  fluores- 
oont  "black  light"  lamps  (maximum  spectral  psak  at  3660A),  no  significant 
inorsass  in  osll  rtoovsry  was  notsd.  Ths  avsrags  kill  as  determined  aftsr 
•xposurs  to  UV  plus  reactivating  light  was  99,996  par  cant  and  aftar  UV 
alona  99,997  per  cant.  Using  B/r  calls  axposad  in  Patri  platas  to  radia¬ 
tion  intensities  lower  than  those  obtained  in  the  paper  chamber,  reactiva¬ 
tion  of  a  portion  of  the  irradiated  cells  was  demonstrated. 

Although  it  is  evident  that  the  UV  chamber  will  not  provide  atari? 
lisation  of  paper  heavily  contaminated  with  baoterial  spores,  it  is  be¬ 
lieved  suitable  for  normal  operations  in  infectious  disease  laboratories. 
It  is  possible  the  UV  chamber  would  prove  useful  in  other  types  of  instal¬ 
lations,  for  example,  for  introducing  sheets  of  paper  into  sterile  filling 
rooms  and  for  the  treatment  of  sheets  of  paper  from  oontagious  wards  of 
hospitals. 


TABLE  LIV.  BACTERICIDAL  EFFECTIVENESS  OF  AN  UV  PASS-THROUGH  CHAMBER 


CONTROL  PAPER 

UV  EXPOSED  PAPER 

TEST  ORGANISM 

Number 

of 

Paper 

Strips 

Tested 

Average 

Number  of 
Organisms 
Reoovered 
Per  Sq 
Inch  of 
Paper 

Number 

of 

Paper 

Strips 

Exposed 

Average 

Number  of 
Organisms 
Reoovered 
Per  Sq 
Inoh  of 
Paper 

INACTI¬ 
VATION 
OF  TEST 
ORGANISM, 
PER  CENT 

Bacillus  subtilis 
var.  niger  spores 

20 

8,300 

40 

0.72 

(■> 

99.97 

Serratia 

marce scans 

5 

41,700 

13 

'X. 

0.0 

100 

T-3  coliphage 

5 

1,160,000 

15 

0.0 

100 

Escherichia 
coIT 'B/r 

5 

19,000 

9 

0.55 

99.997 

Esoherichia 

oolifl/r 

5 

19,000 

26 

3 

to 

• 

o 

99.996 

a.  Hash  liquid  or  recovery  plates  exposed  to  reactivating  light. 
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H.  UV  CLOTHING  DISCARD  RACKS 

All  ehang*  room*  in  infectious  disease  laboratories  should  be  equipped 
Kith  a  receptacle  to  hold  discarded  laboratory  clothing*  The  container 
usually  is  a  large  canvas  laundry  bag  held  in  a  frame  or  rack.  Sometimes 
a  metal  bin  or  a  rectangular,  push-type  laundry  hamper  is  provided.  Khen  a 
quantity  of  discarded  clothing  has  collected,  it  should  be  sterilised  by 
autoclaving  before  laundering. 

The  use  of  these  collection  devices  may  present  a  safety  hasardt  Al¬ 
though  each  discarded  garment  may  contain  only  a  low  order  of  contamination, 
the  method  of  collection  has  a  cumulative  effect.  Also  the  container  it¬ 
self  becomes  contaminated.  One  contaminated  artiole  in  a  bag  may  contami¬ 
nate  the  rest  of  the  clothing.  Clothing  known  to  be  contaminated  should  be 
immediately  and  separately  treated.  Infectious  microorganisms  in  the  dis¬ 
card  container  will  be  in  a  relatively  dry  form.  Khen  clothing  is  thrown 
into  or  removed  from  the  container,  aerosols  of  the  agent  may  be  produoed. 
Certain  microorganisms  Such  as  those  causing  Q  fever  are  notorious  for 
transmission  via  clothing.  If  the  hamper  has  a  large  opening,  the  tendency 
is  to  throw  the  discarded  clothing  at  the  hamper.  Some  of  this  potentially 
contaminated  clothing  finds  its  mark,  but  much  of  it  goes  on  the  floor  and 
is  subsequently  handled  once  again.  The  use  of  metal  bins  to  receive  dis¬ 
card  clothing  is  not  recommended  because  this  necessitates  the  removal  of 
the  potentially  contaminated  clothing  to  another  container  before  auto- 
olaving. 


1.  The  Discard  Rack 

A  clothing  discard  rack  (Figure  53)  was  designed  which  utilises  a 
protective  barrier  of  UV  radiation  to  isolate  discarded  artioles  in  a  canvas 
laundry  bag.  The  unit  consists  essentially  of  two  parts*  (a)  a  metal 
laundry  bag  holder,  and  (b)  a  shielded  box  containing  two  15-watt,  hot 
cathode  UV  lamps.  Doth  parts  are  mounted  on  a  wall.  The  bag  holder  is 
mounted  at  such  a  height  that  the  bottom  of  the  canvas  bag  is  held  several 
inches  off  the  floor.  Tho  UV  lsiiqss  are  in  an  invertod  aluminum  tray  mounted 
above  the  bag  holder.  A  curtain  hangs  from  the  lower  edge  of  the  UV  box  and 
extends  down  past  the  top  edge  of  the  laundry  bag.  In  this  manner,  the  UV 
radiation  is  confined,  and  most  of  the  intensity  is  directed  into  the  open 
bag. 


a.  Intensity  Measurements 

The  UV  box  originally  contained  only  on*  15-watt  UV  tub*.  An 
additional  tub*  was  added  because  it  was  found  that  complete  coverage  of  the 
bag  opening  was  not  obtained  with  one  lamp.  Intensity  readings  were  taken 
of  the  UV  radiation  at  the  bag  opening  and  at  face  level  outside  the  unit* 
The  average  UV  intensity  at  the  opening  (which  is  about  eight  inches  below 
the  lamps)  taken  on  a  horisontal  plane  was  653  miorowatts  per  square  centi¬ 
meter.  Measurements  made  at  face  level  in  the  area  surrounding  the  rack 
showed  no  intensities  greater  than  0.5  microwatts  per  square  centimeter. 


Figure  53.  UV  Laundry  Hag  llolUinj 


Figure  54.  IIV  Clothing  Discard  Rack. 
(FD  Non  IMJflai) 


b.  Results  of  I  us  In 

To  tost  ill"  <» ff. -i  1 1.\ .  hums  of  lh"  barrier  in  preventing  tho  os- 
capo  of  alr-bornu  organisms  bruih  ml  torus  of  s.  hejlca  wore  nebulized  In¬ 
side  the  laundry  lift),;  and  sieve-type  air  sample s”wui;u*(ToT looted  on  tho  out¬ 
side  of  tho  bag.  Thu  sampler  wi"  celleclud  during  five -minute  periods  when 
the  UV  lamps  worn  un  and  then  kIv-Ii  the  lamps  were  off,  four  sieve  samplers 
placed  around  tho  outs  Id"  u|  lh"  bag  were  operated  niinul  lane  ou  sly.  Nebuliza- 
tien  of  the  test  organism  continued  during  tho  on  and  off  periods.  The  test 
was  ropoate  I  three  tlni"S  and  th"  efficiency  of  th"  barrier  calculated  from 
the  total  numbers  of  colon  le-.  collected,  Kach  "too  numerous  to  count"  plate 
was  counted  as  8B0  colonies.  On  this  basis  t ■  02 fi  colonies  wero  collected 
when  tho  UV  lamps  wore  off  and  (51  colonies  wore  obtainud  when  tho  lamps  were 
on.  Thus,  an  efficiency  of  greater  than  DD.vh)  pur  cunt  was  obtained.  The 
actual  concentration  of  S,  in die a  aerosol  produced  In  these  tests  was  approx¬ 
imately  200,000  cells  per  cubFc" feet  of  air,  This  is,  of  course,  far  in 
oxcoss  of  what  might  In  ",xpei  ted  under  ordinary  conditions. 

c.  Conclusions 


Those  tests  1 1 1 unt rote  that  the  use  of  a  protect ivo  barrier  of 
UV  radiation  over  the  canvas  laundry  bag  will  ol.iml.nntu  tho  escape  of  almost 
all  air-homo  organisms  from  contaminated  clothing.  Another  version  of  tho 
clothing  discard  rack  is  shown  In  Figure  54. 
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I .  PORTABLE  UV  FLOODLIGHT 

A  portable  UV  floodlight  hat  baan  oonitruotad  and  uiad  in  various  ways 
in  tha  infectious  disaaaa  laboratoria*  (Figura  SS).  Tha  floodlight  oontaina 
six,  15-watt,  hot  oathoda  UV  laapa  mountad  in  a  raflaotor  that  can  ba  ad¬ 
justed  to  diraot  tha  radiations  to  any  desired  position.  Tha  unit  is  mountad 
on  whaals  and  oan  ba  usad  to  halp  decontaminate  araaa  in  oaaa  of  accidental 
spills  of  infaotious  fluids.  Intansity  maasuramants  of  tha  radiation  pro- 
duoad  by  this  apparatus  ara  as  followst  1.5  fast  -  850  microwatts  par  sq  cm, 
3  faat  -  251  microwatts  par  sq  cm,  6  fast  -  61  microwatts  par  sq  om  of  2537A 
radiation.  Othar  intansitias  ara  shown  in  Pijjurt  66. 


J.  SAFE-T-AIRE  INDUSTRIAL  STERILIZER 

1.  Da sign 

Tha  Safa-T-Aira  Industrial  Starilisar  (Hanovia  Chamical  Manufacturing 
Company,  Newark,  Naw  Jarsay)  is  a  mobile,  high-pressure  UV  irradiator  with 
salf-containad  generating  plant  and  operating  controls.  Tha  generating  plant 
consists  of  a  transformer,  a  capacitor,  and  a  cooling  fan  with  a  safety  re¬ 
lay  to  break  the  circuit  in  the  event  of  fan  failure.  Tha  plant  supplies 
1200  watts  for  a  fused  quarts  mercury  vapor  lamp  whioh  is  Vycor  jacketed  to 
eliminate  osona.  The  operating  controls  consist  of  a  key  operated  power 
switch,  a  1  to  15-minute  adjustable  starting  control,  and  an  automatic 
timar  (15  minutes  to  10  hours).  These  controls  permit  tha  operator  to  sat 
tha  unit  for  dasirad  operating  periods  and  still  have  adequate  time  to  leave 
tha  area  before  irradiation  begins.  Roller-bearing  oastars  and  a  push-type 
handle  perait  wheeling  tha  steriliser  from  place  to  plaoe.  The  unit  is  sup¬ 
plied  for  operation  at  115,  220,  or  440  volts. 

2.  Testing  Methods 

Bactericidal  evaluation  of  the  steriliser  was  accomplished  through 
a  series  of  tests  in  which  15-milliliter  quantities  of  Bacillus  subtills 
var.  nlger  spore  cultures  (3  x  IQ7  ml)  and  15-milliliter  quantities  of 
Serratia  indica  cultures  (5  x  107  ml)  were  nebulised  in  a  closed  room. 

Sieve  a i'r*  samples  and  surface  samples  were  taken  in  the  area  at  different 
time  intervals  during  the  period  of  irradiation.  Control  tests  were  sun  ir. 
which  similar  samples  were  taken  without  the  steriliser  in  operation.  In¬ 
tensity  readings  were  taken  at  various  distances  from  the  lamp  and  at  vari¬ 
ous  angles  off  the  horisontal  plane  from  the  center  of  the  lamp. (Figure  57). 

3.  Results 

Table  LV  shows  the  results  of  a  test  in  which  aerosolised  B.  sub- 
tilis  spores  were  exposed  to  the  steriliser.  There  was  a  significant  re- 
duction  in  the  number  of  spores  at  all  sampling  stations,  with  the  possible 
exception  of  No.  7.  The  control  test,  during  which  the  steriliser  was  not 
in  operation,  showed  TNTC  colonies  at  all  sampling  stations,  at  all  time 
periods. 
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TABLE  LV.  B.  SUBT1LIS  SPORES  RECOVERED  AFTER  DIFFERENT 
EXPtfSUHETERIODS  TO  UV  RADIATION 


SAMPLING  STATION 

DISTANCE 

FROM  CENTER 

OF  BULB,  foot 

TIME  PERIODS,  houro 

0 

1 

2 

4 

1. 

Floor 

1 

TNTC 

95 

22 

10 

2. 

Floor 

3 

tntc 

134 

79 

56 

3. 

Door 

9 

TNTC 

88 

63 

42 

4. 

Loft  Noll 

7 

TNTC 

33 

63 

98 

5. 

Right  Noll 

5-3/4 

TNTC 

5 

72 

0 

6. 

Exhouit  Duct  -  Air  Somplo 

TNTC 

TNTC 

21 

250 

7. 

Showor  Stoll  -  Air  Somplo 

TNTC 

TNTC 

220 

TNTC 

8. 

Floor  -  Air  Somplo 

TNTC 

66 

276 

99 

9. 

Coiling  -  Air  Somplo 

TNTC 

33 

150 

91 

Whon  S.  indlco  woa  uaod,  ton  minuteo  of  irrodiot ion  ware  ouffioiont 
to  oliminoto  tho  toot  orgonism  from  oil  but  ono  oompling  ototion.  Toblo 

LVI  ahowa  tho  rooulta  obtoinod  ton  minutoa  oftor  nobulizotion,  with  tho 
lomp  on  ond  with  it  off.  ■ 

'  TABLE  LVI.  S.  IND1CA  CELLS  RECOVERED  AFTER  TEN-MINUTE  EXPOSURE 

TO  UV  RADIATION 

SAMPLING  STATION 

DISTANCE  FROM  CENTER 

OF  LAMP, foot 

UV  OFF 

UV  ON 

1. 

Floor 

1 

32 

0 

2. 

Floor 

3 

39 

0 

3. 

Door 

9 

62 

0 

4. 

Loft  Noll 

7 

181 

0 

5. 

Right  Noll 

5-3/4 

13 

0 

6. 

Exhouat  Duet  -  Air  Somplo 

TNTC 

0 

7. 

Showor  Stoll  -  Air  Somplo 

TNTC 

0 

8. 

Floor  -  Air  Somplo 

TNTC 

1 

9. 

Coiling  -  Air  Somplo 

TNTC 

0 
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4.  Conclusions 

The  Safe-T-Aire  Steriliser  cen  effectively  decontaminate  the  sir 
end  exposed  surf sees  in  s  smell  room  (1?40  cubio  feet)  contsminated  with  a 
vegetative  organism  and  will  greatly  reduoe  contamination  by  spores* 


K.  ULTRAVIOLET  RADIATION  IN  VENTILATED  CABINETS 

Vsntilated  cabinets  used  for  laboratory  manipulations  with  infectious 
disease  organises  are  *often  equipped  with  interior  UV  lamps  (Figure  SB). 

The  radiation  is  usually  supplied  at  the  rate  of  approximately  four  watts 
of  UV  lamp  output  per  cubio  foot  of  cabinet  space.  Thus,  generous  amounts 
of  UV  energy  are  present  to  provide  quiok  and  rapid  inactivation  of  air¬ 
borne  microorganisms.  Because  most  interior  oabinet  surfaces  are  smooth, 
continuous^  and  nonporous,  good  decontamination  of  exposed  eurfaoea  is  as¬ 
sured.  The  .«,§•  of  2837A  radiation,  therefore,  is  helpful  in  decontaminating 
the  interior  of  the  cabinet.  It  must  be  emphasised  that  UV  treatment  should 
not  substitute  for  other  means  of  cabinet  decontamination  (e.g.,  formaldehyde 
or  beta-prop iolactone)  which  assure  complete  sterility. 


L.  ULTRAVIOLET  SHOE  RACK 

Shoes  worn  in  the  infectious  disease  laboratory  are  apt  to  harbor  and 
spread  pathogenic  microorganisms.  In  many  laboratories,  shoes  are  left  in 
the  change  room  and  are  not  worn  outside  the  laboratory.  It  is  usually 
recommended  that  the  shoes  be  periodically  decontaminated.  UV  lamps  have 
been  used  in  shoe  racks  as  a  sanitising  feature  but  not  as  a  substitute  for 
decontamination  with  a  gas  such  as  ethylene  oxide.  A  shoe  raok  is  shown  in 
Figure  69. 


M.  ULTRAVIOLET  RADIATION  FOR  DIRECT  IRRADIATION  OF  LABORATORY  ROOMS 
AND  IN  1HE  TREATMENT  OF  MOVING  AIR 

The  practical  uses,  of  UV  radiation  in  the  oeilings  of  laboratory  rooms 
and  in  air  ducts  are  disoussed  in  this  section  and  in  seotion  XI.  Figure 
60  shows  lamps  installed  in  the  ceilings  of  laboratory  rooms. 
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XI.  THE  TREATMENT  OF  MOVING  AIR  WITH  UV  RADIATION 

u 

A.  GENERAL  OBSERVATIONS 

Ultraviolet  radiation  oan  be  employed  for  the  treatment  of  air  in  air- 
conditioning  or  air-moving  eyatemi.  However,  certain  limitation*  and  prob¬ 
lem!  are  involved  whioh  muet  be  thoroughly  underetood.  Theae  limitation! 
muat  be  weighed  againat  the  advantage*  offered  by  UV  radiation  air  treat¬ 
ment  ayatema. 

The  moat  important  conaideration  ia  the  fact  that  it  i*  difficult  to 
employ  UV  radiation  to  inactivate  100  per  cent  of  the  air-borne  microorgan- 
iama  in  moving-air  ayatema.  For  thia  reaaon  the  action  ahould  be  termed 
aanitat ion  rather  than  sterilization.  Treatment  uaually  involve*  the  place¬ 
ment  of  UV  lamp*  directly  in  air  duct*  or  plenum  chamber*.  Depending  upon 
the  volume  of  air  handled,  the  duct  siae.  temperature,  and  other  variable*, 
a  apecific  number  of  lamp*  are  employed  in  a  ayatem  to  give  a  calculated 
germicidal  action.  Inatallationa  may  be  deaigned  to  give  60,  90,  or  even 
99  per  cent  kill  of  air-borne  microorganisms  per  air  paaaage.  It  ia  im¬ 
practical  to  deaign  a  large  ayatem  that  ia  100  per  cent  effective  againat 
all  type*  of  organiama. 

Becauae  UV  air-treatment  ayatema  are  not  apt  to  produce  aterile  air, 
their  uaefulneaa  in  building*  where  infectious  material*  are  handled  is 
restricted.  In  particular,  UV  radiation  should  not  be  used  in  reoiroulat- 
ing  aystems  where  air  exhauated  from  contaminated  areas  is  drawn  into  a 
common  chamber  and  then  redistributed.  If  levels  of  contamination  differ 
within  areas,  it  is  obvious  that  any  system  whioh  ia  less  than  100  per  cent 
effective  would  act  as  a  mechanism  for  eross-oontamination.  For  reciroulat- 
ing  air  systems,  UV  treatment  of  the  air  should  be  used  only  when  one  room 
or  one  general  area  is  involved.  In  thia  caae  continuous  protection  is  pro¬ 
vided  because  air-borne  organisms  are  constantly  being  removed. 

For  air  handling  systems  of  the  one-passage  type,  air  sanitation  by  UV 
radiation  may  bo  used  to  treat  the  incoming  air  or,  in  certain  cases,  for 
treatment  of  exhaust  air.  If  the  exhaust  air  is  to  be  treated,  it  must  be 
ascertained  that  the  release  of  a  certain  number  of  organisms  to  the  outside 
atmosphere  does  not  create  a  haaardous  condition.  The  sanitation  of  the 
incoming  air  in  infectious  disease  laboratories  by  UV  radiation  is  often 
desirable.  A  properly  designed  installation  ahould  give  an  efficiency  equal 
to  or  greater  than  that  provided  by  moat  electrostatic  or  air  sorubbing  aya¬ 
tema. 

UV  air-treatment  systems  have  several  charaeteri sties  whioh  are  not 
found  in  air-filter  ayatema.  The  installation  of  germicidal  lamps  in  ducts 
or  plenum  chambers  does  not  create  a  noticeable  increased  air  resistance  in 
the  system.  Filters  always  create  a  resistance  which  must  be  compensated 
for  by  the  use  of  fana  or  blowers  with  larger  load  capacities.  UV  lamps  can 
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usually  be  installed  in  an  existing  air-treatment  system  if  adequate  duct 
spaoe  is  available.  The  oost  of  an  UV  air-treatment  system  should  be  less 
than  that  of  other  systems. 

The  same  problems  and  limitations  inherent  in  all  uses  of  germicidal  UV 
radiation  also  apply  to  its  use  for  sanitising  moving  air.  The  intensity  of 
the  radiation  and  the  exposure  time  must  be  adequate.  Variations  in  the 
ambient  temperature  effeot  the  operation  of  the  lamps  and  consequently  the 
germicidal  aotion.  Variations  in  relative  humidity  are,  according  to  some, 
responsible  for  variations  in  ths  germicidal  reaotion.  Provisions  must  be 
made  for  periodic  testing  and  cleaning  of  the  UV  lamps. 


B.  DESIGN  CRITERIA 

The  Slimline  high-intensity  lamp  is  reeommsnded  for  moving-air-treat- 
ment  systems.  Lamps  should  bs  operated  at  a  current  of  420  milllamperes. 
Air  velocities  affect  the  lamp  wall  temperatures  which  in  turn  determine, 
in  part,  the  total  UV  output.  Slimline  lamps  are  designed  to  operate  at  a 
slightly  elevated  temperature  in  still  air  so  that  the  cooling  Effect  of 
moving  air  improves  the  efficiency  of  the  lamps. 

Consideration  must  be  given  to  the  exaot  looation  of  the  lsmps.  In 
general,  lamps  should  be  placed  in  the  duots  or  plenum  where  the  air  veloc¬ 
ity  is  lowest.  If  dust  collectors  or  dust  filters  are  used  in  the  system, 
the  lamps  should  always  bo  placed  after  the  filters.  Lamps  should  be  in¬ 
stalled  so  as  to  provide  maximum  irradiation  of  the  air.  This  is  usually 
accomplished  by  placing  the  lamps  at  right  angles  to  the  flow  of  air.  An 
opening  into  the  duct  must  be  provided  to  facilitate  cleaning  and  testing 
of  lamps. 

A  review  has  boon  made  of  the  design  criteria  furnished  by  several  UV 
lamp  manufacturers.  Various  methods  of  calculating  the  number  of  lamps 
required  are  given,  and  a  variety  of  correction  faotors  are  furnished. 

For  a  comparison  of  these  methods,  the  essential  information  furnished  by 
three  manufacturers  is  outlined  below. 

o  1.  Westinghouse  Electric  Corporation  (315) 

This  company  recommends  that  the  average  installation  bo  designed 
for  a  90  per  cent  kill  of  bacteria  in  the  air.  For  special  applications, 
suoh  as  in  hospitals  and  pharmaceutical  laboratories,  the  greatest  degree 
of  bacterial  reduction  possible  is  desired  (at  least  98  per  cent).  A  curve 
(Figure  61)  is  presented  to  calculate  the  correction  factor  to  be  applied 
to  obtain  any  degree  of  inactivation  up  to  98  per  cent  after  the  number  of 
lamps  for  90  per  cent  kill  has  been  determined. 
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FACTOR 


Figura  61.  Curva  to  Caloulata  Lamp  Raquiranants.  To  dotomlno  tho 
nuabar  of  laapa  for  various  pareontago  survival  first 
oaloulata  for  10  par  oant  survival  (90  par  oant  kill) 
and  nultiply  by  factor. 
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Where  possible,  lamps  should  be  placed  eo  that  the  laaqp  Is  at  right 
anglei  to  the  flow  of  air  and  in  an  area  where  the  air  velooity  is  lowest. 
Lamps  should  be  plaoed  after  filters,  thus  decreasing  the  dust  and  increas¬ 
ing  lamp  effectiveness.  Maximum  utilisation  of  the  radiation  oan  be  ac¬ 
complished  by  painting  inside  duct  walls  with  aluminum  paint  to  increase 
reflectance.  Lamps  should  be  placed  in  a  row,  not  less  than  four  inohes 
apart.  Zf  more  than  one  row  is  required,  the  additional  rows  should  be  on 
four-inch  centers  with  the  lamps  staggered. 

The  Slimline  lamp  is  recommended.  This  lamp,  including  sockets, 
is  approximately  36  inches  long.  Calculations  are  made  on  the  basis  that 
one  dimension  of  the  duct  is  36  inohes,  or  a  multiple  of  36  inches.  Eaoh 
installation  should  be  equipped  with  a  service  door  and  inspection  window 
in  the  duct.  The  door  should  be  equipped  with  an  eleetrioal  cirouit  breaker 
to  turn  off  the  lamps  automatically  when  the  door  is  opened. 

To  calculate  the  lamp  requirements  for  any  given  installation,  the 
following  information  is  required!  (a)  width  (W)  and  length  (L)  of  the  ir¬ 
radiation  chamber  (Height  is  the  dimension  parallel  to  the  lamps  and  is 
//always  36  inches  or  a  multiple  thereof.),  (b)  volume  of  air  handled  (CFM), 
H(e)  air  velocity  (LFM),  and  (d)  temperature  of  air  (°F). 

o 

The  first  step  in  to  calculate  the  volume  of  air  disinfeoted  by 
one  watt  of  UV  (VDW).  The  duct  width  (W)  and  length  (L)  is  used  in  Figure 
62  to  obtain  this  value.  If  the  duct  height  is  greater  than  36  inohes,  and 
two  or  more  banks  of  lamps  in  the  same  vertioal  plane  are  used,  a  correc¬ 
tion  factor  must  be  applied  to  the  VDW  value.  The  correction  faotor  is 
found  in  Figure  63  and  has  the  net  effect  of  lowering  the  number  of  lamps 
required. 

The  next  step  is  to  calculate  the  oorreoted  lamp  output  (G36T6 
Slimline  Sterilamp  at  420  ma) .  Using  the  values  of  the  minimum  ambient 
temperature  in  the  duct  and  the  air  velocity,  the  UV  output  in  watts,  is 
found  in  Figure  64. 

Finally  the  numbor  of  lamps  required  is  found  by  the  following 

foraulat 


Numbor  of  Slimline  lamps  required  ■  - 

VDW  x  corrected  lamp  output 

This  method  gives  the  number  of  lamps  required  for  a  90  per  oent 
destruction  of  bacteria.  Higher  rates  of  disinfection  are  obtained  by 
multiplying  by  the  correction  factors  found  in  Figure  61. 
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Figure  62.  Curve*  Showing  V.D.N.  Value*, 
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Figuro  64.  UV  Output  a*  Affactad  by  Tanparatura  and  Air  Flow. 
636T6  Slialina  Starilaap  at  420  na. 
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2.  General  Electric  Company  (97,  98) 

Ganaral  Electric  Company  raeommanda  that  lampa  ba  plaoad  langthwiaa 
on  tha  duot  walla  on  four-  to  five-inoh  oantara  and  grouped  in  tha  oantar 
half  of  tha  duot  walla.  Tha  duot  walla  ahould  ba  mada  of  poliahad  chromium 
plata  or  aluminum.  Arrangamanta  muat  ba  mada  for  olaaning  tha  lampa.  Hinged 
panala  on  tha  aidaa  or  bottom  of  tha  duot  ahould  ba  provided)  tha  lampa  may 
ba  mounted  on  thaaa  panala  if  neceaaary. 

A  theoretical  99  par  cant  diainfaetion  of  air  ia  recommended,  and 
inatallation  data  are  calculated  on  thia  baaia.  Tha  total  UV  watte  (UVTf) 
required  in  nonraflactiva  ducte  for  a  theoretical  99  par  cant  diainfaotion 
ia  calculated  from  tha  following  formula! 


UVW  ■  JS2L 
3  x  d 

where  d  ■  tha  laaaar  duct  dimenaion  in  inchaa,  provided  it  ia  not  exceeded 
by  more  than  60  par  cant  by  tha  larger  dimenaion.  Xf  tha  duct  haa  one 
dimenaion  which  ia  two  or  more  time a  aa  great  aa  tha  other,  tha  foraula  can 
ba  uaad  by  aubdividing  tha  duct  and  air  oapacity  ao  that  tha  dimeneione  are 
aa  required. 

Tha  total  UV  watta  required  (UVW)  ia  divided  by  tha  average  output 
of  tha  type  of  lampa  to  ba  uaad  to  obtain  the  number  of  lampa  required.  Tha 
conditiona  apacifiad  are  80°r,  relative  humidity  of  60  par  cant  or  below  and 
nonreflootive  ducta.  Tha  following  oorreetion  faotora,  if  applicable,  ahould 
ba  appliedi 

Condition  Increaae  tha  Number  of  Lampa  Uaad  by 

Temperature  of  50°F  10% 

Temperature  of  100°F  10% 

Temperature  of  40°F  20% 

Temperature  of  110°F  20% 

Temperature  of  36°F  30% 

Relative  humidity  of  70%  80% 

Relative  humidity  of  80%  66% 

Relative  humidity  of  90%  76% 

If  the  duot  walla  have  a  reflectanoe  of  76  per  cent,  a  theoretical  • 

99  per  cent  diainfaetion  of  air  can  bo  obtained  with  one-half  the  oalou- 
lated  number  of  lampa.  For  nonreflootive  duct  walla,  a  reduction  of  90 
per  cent  can  be  obtained  with  one-half  the  number  of  lampa  required  for  99 
per  cent  diainfaotion. 

Figure  66  ia  aupplied  by  General  Electric  Company  to  aaaiat  in 
calculating  duct  lamp  requirement a. 
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3.  Hanovia  Chemical  and  Manufacturing  Company  (116) 

Information  supplied  by  the  Hanovia  Company  states  that  "bacterio¬ 
logical  tests  in  rooms  have  shown  that  each  person  in  a  room  whioh  oontains 
a  number  of  persons  must  receive  500  cubic  feet  of  complete  air  change  of 
pure  air  per  minute  if  the  air  he  breathes  is  to  be  maintained  in  a  sani¬ 
tary  condition."  The  "lethe"  is  equivalent  to  one  complete  air  ohange  by 
pure  air  or  a  reduction  of  63.2  per  oent  in  the  bacterial  content  of  the 
air  in  an  unoccupied  room.  One  lethe  of  disinfection  results  from  uniform 
radiation  of  wave  length  2637A  angstroms  at  an  intensity  of  35  x  10“6  watt- 
hour  per  square  foot  in  a  room  in  which  the  relative  humidity  is  below  50 
per  oent.  It  was  therefore  postulated  that  each  person  in  a  room  needs 
500  cubic-foot  lethes  per  minute  or  30,000  cubio-foot  lethes  per  hour  and 
that  VV  radiation  may  be  used  to  provide  equivalent  sanitary  ventilation. 
This  basis  is  used  to  devise  formulas  for  calculating  lamp  requirements. 

For  each  installation  the  following  data  should  be  obtainedi 

V  ■  volume  of  air  duct,  cubic  feet 
C  >  volume  of  room,  cubio  feet 
N  ■  maximum  number  of  persons  in  room 
R  ■  radiation  length  factor,  average  distance  between  the 
lamp  centers  and  the  nearest  duct  wall 
Duct  dimensions,  feet 
Air  flow,  cubic  feet  per  hour 
Relative  humidity,  normally  taken  as  50  per  cent 

Step  1--  Calculate  the  requirements  of  the  room  in  terms  of 
lethes  per  hour.  Lethes  per  hour  ■ 

N  x  30.000  cu  ft 


Step  2  -  Calculate  the  maximum  available  lethes  per  hour 
through  the  duct.  Maximum  lethes  per  hour  through  the  duct  ■ 

air  flow,  cu  ft  per  hour  or 


air  flow,  cu  ft  per  hour  x  lethes  per  hour 
N  x  30,000  cu  ft  per  hour  per  person 

Step  3  -  Calculate  Id,  the  theoretical  average  intensity  in 
the  duct  in  terms  of  watts  per  square  foot. 

Id  ■  lethes  per  hour  through  duot  x  35  x  10“®  watts  per  sq  ft 

Hanovia  Company  recommends  that  the  energy  value  (35  x  10“®) 
be  ohanged  according  to  Figure  66  if  higher  humidities  are  present. 


lethes/hr/person 

C 


o 
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Sttp  4  -  Calculate  Ed,  tha  theoretical  total  flux  in  watte  of 
2537A  radiation. 

Ed  ■  Id  V2/3 

Step  5  -  Calculate  the  number  of  lamps  required 

% 

Number  of  lampe  > 

LR 

4  it  the  "efficiency  faotor  for  lampe  in  dueti" 

L  is  the  lamp  rating  of  lamp  to  be  used 
R  is  the  radiation  length  factor  obtained  from 
Figure  67 


C.  APPLICATIONS 

The  methods  of  application  of  radiation  in  air  ducts  have  been  taken 
nearly  verbatim  from  the  literature  of  the  various  manufacturers.  A  com¬ 
parison  of  the  calculations  given  in  their  literature  shows  that  sometimes 
there  are  differences  in  the  smount  of  radiation  required  to  accomplish  a 
given  disinfection.  Although  it  is  questionable,  Rentsohler  and  Jametf*(142), 
reported  that  air-borne  pathogenic  bacteria  could  be  inactivated  with  one- 
tenth  the  radiation  necessary  to  inactivate  the  same  bacteria  on  agar  plates. 
These  differences  are  probably  due  to  the  faot  that  each  of  the  Investigators 
used  different  types  of  bncterial  air  samplers,  different  rates  of  air  flow, 
humidities,  microorganisms,  and  probably  different  methods  of  reasoning  for 
their  calculations.  Seme  of  these  variations  have  been  disoussed  by  Nagy 
(218).  It  would  appear  that  more  tests  would  be  necessary  to  standardise 
this  method  of  disinfeoting  air. 

Unfortunately  there  are  few  adequate  evaluations  in  the  literature  on 
the  sanitising  efficiency  of  moving-air  systems  provided  with  UV  lamps. 
However  literature  available  from  lamp  manufacturers  illustrate  some  of  the 
systems  which  have  been  used. 

It  has  been  pointed  out  (314)  that  UV  lamps  can  be  installed  in  small 
air-conditioning  units  to  provide  a  reduction  in  air-borne  contamination 
equal  to  the  reduction  obtained  in  larger  systems.  Lamps  were  installed  in 
a  unit  which  supplied  air  to  six  operating  rooms  in  a  dental  office.  Eight 
17-watt  tubes  were  mounted  in  the  incoming  air  duct.  Tests  made  before  in¬ 
stallation  showed  that  cross-infection  of  air-borne  partioles  between  dif¬ 
ferent  rooms  occurred.  Later  tests  showed  that  the  installation  of  UV  radia¬ 
tion  greatly  reduced  the  incidence  of  cross- infect ion  between  rooms. 

Tests  of  an  air-conditioning  system  of  an  auditorium  have  been  reported 
by  Rentsohler  and  Nagy  (245).  The  system  was  designed  to  circulate  5800 
cubic  feet  per  minute  of  air.  Different  numbers  of  lamps  were  placed  in  a 


*  Cited  in  Hibben  et  al. 
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DISTANCE  IN  FEET  FROM  LAMP  TO  CEILING  OR  NEAREST  SIDE  OF  DUCT 


Figure  67.  Bay  Length  Vectors  for  Various  Distances  Between  Leaps 
and  Ceiling,  or  Between  Leaps  and  Nearest  Duot  Nall. 
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75  by  30  inch  irradiation  chamber  and  teata  of  efficiency  were  made  using 
aprayed  cultures  of  E.  coli.  Air  aamplea  were  taken  at  varioua  pointa 
while  the  lamps  were“of<FTnd  again  with  the  lampe  on.  The  uae  of  40  cold 
cathode  lampe  gave  an  average  reduction  of  air-borne  E.  coli  of  99*5  per 
cent,  while  32  lampa  gave  a  reduction  of  98.2  per  con?.  ’ Rentschler  drew 
the  conclusions  that  (a)  there  is  no  difference  in  the  bactericidal  effect 
of  UV  radiation  over  a  range  of  relative  humidity  between  35  and  95  per 
cent  and  no  difference  over  the  normal  range  of  temperatures  usually  found 
in  air-conditioning  systems,  (b)  curves  can  be  prepared  to  estimate  the 
number  of  lamps  required  for  any  particular  system,  and  (c)  UV  radiation 
has  the  particular  advantage  that  nothing  is  added  or  removed  from  the  air. 

Successful  use  of  UV  lamps  in  the  air  systems  of  several  pharmaceutical 
plants  has  been  reported  (202,314). 

D.  SAFETY  REQUIREMENTS  FOR  UV  INSTALLATIONS 

Most  of  the  essential  industrial  safety  considerations  involved  in  UV 
installations  for  sanitising  moving  air  have  been  outlined  by  Dennington 
(62).  The  information  listed  below  has  been  taken  from  his  report. 

1.  Fire  and  Smoke  Hazards 

Fire  underwriters  require  that  air  ducts  be  constructed,  equipped, 
and  maintained  in  such  a  manner  that  there  is  no  chanco  of  damage  by  fire 
and  smoke  originating  within  the  duct.  When  ordinary  electric  lights  are 
mounted  in  air  ducts,  they  must  be  equipped  with  vapor  proof  covers  beoause 
the  temperature  of  the  heated  filaments,  in  case  of  lamp  breakage,  can 
cause  ignition  of  dust  or  other  materials.  The  temperatures  at  the  wannest 
points  on  UV  lamps  used  in  air-conditioning  ducts  (cold  cathode  or  Slimline 
lamps)  are  not  high  enough  to  be  considered  a  fire  hazard.  Kith  an  ambient 
air  temperature  of  70°F,  the  average  temperature  directly  over  the  active 
discharge  portion  of  the  cold  cathode  lamp  is  122°F.  At  the  warmest  point 
over  the  cold  cathode  lamp,  directly  over  the  electrode,  the  temperature 
does  not  excoed  214°F. 

In  order  to  allow  for  the  installation  of  UV  lamps,  paragraph  181 
of  the  Standards  of  the  National  board  of  Fire  Underwriters  for  the  Instal¬ 
lation  of  Air  Conditioning,  Warm  Air  Keating,  Air  Cooling  and  Ventilating 
Systems,  has  been  modified  to  read  as  follows*: 

"Electrical  wiring  and  equipment  shall  be  installed  in  accord¬ 
ance  with  the  National  Electrical  Code.  Lamps  within  the  enclosure 
of  the  conditioning  system  shall  be  enclosed  in  fixtures  of  the 
marine  (vapor- tight)  type,  except  that  germicidal  lamps  of  a  type 
not  using  filament  and  which  oporate  at  relatively  low  exposed  sur¬ 
face  temperatures,  need  not  be  so  enclosed." 
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2.  Hiring 

In  an  UV  installation,  tha  only  natarial  which  can  ba  olaisifiad  as 
combustible  is  tha  insulation  on  tha  wires  connacting  tha  various  lamp 
rsssptaclas.  Currant  ragulating  transformers  should  ba  plaead  outsida  tha 
duct.  Insulated  wiras  should  ba  GTO-5  gas  tuba  sign  cable  or  tha  equivalent. 
Hires  should  ba  placed  in  enclosed  raceways  wherever  possible  as  a  protection 
against  abrasion. 

3.  Hindows 

Glass  windows  are  usually  provided  for  inspection  purposes.  Hired 
glass  is  required  for  mechanical  strength  and  resistance  to  shattering. 
Underwriters'  regulations  specify  that  no  individual  window  shall  exceed 
720  square  inches  in  area.  The  glass  aust  be  "...supported  by  natal  troughs 
or  clips  of  not  less  than  24  U.S.G.,  one-half  inch  in  width,  overlapping  the 
glass  one-half  inch  and  spaced  not  nore  than  six  inches  along  eaoh  edge  of 
the  glass  nor  closer  than  l£  inches  from  a  corner.  Hindows  must  be  fitted 
substantially  airtight  to  prevent  leakage  of  air  from  the  duct.  However, 
if  gaskets  are  used,  they  must  be  of  felt  or  synthetic  material  not  affeoted 
by  osone...." 

4 .  Doors  '■ 

Service  doors  must  be  provided  to  permit  the  testing  and  replacing 
of  UV  lamps.  It  is  usually  necessary  to  provide  interlocking  switches  on 
service  doors  which  will  open  the  primary  circuit  supplying  the  transformers. 
This  system  is  recommended  to  provide  safety  protection  from  high  intensity 
UV  radiation  and  from  possible  contaot  with  high  voltage  wires.  If  inter¬ 
locking  service  door  switches  are  used,  an  alternate  method  must  also  be 
provided  to  allow  for  the  testing  of  lamps.  For  this,  the  circuits  may  be 
arranged  so  that  one  or  two  transformers  may  be  put  into  operation  individ¬ 
ually. 


5.  Circuits  and  Lamp  Mountings 

Underwriters'  regulations  specify  that,  "Primary  oirouits  shall  be 
so  arranged  that  no  group  of  transformers  on  any  one  oirouit  shall  require 
in  excess  of  15  smperss.  It  is  desirable  to  keep  the  number  of  transformers 
per  oirouit  eight  or  less  to  permit  greater  flexibility  in  operating  and 
testing." 

There  may  be  instances  where  the  dimension  of  the  air  duot  is  a  few 
inches  shorter  than  the  lamp  to  be  installed.  In  this  case,  the  lsmps  may 
pass  through  holes  in  the  wall  of  the  duct,  and  the  eleotrode  receptaoles 
may  be  supported  on  brackets  outsids  the  duct*  For  this,  a  tight  cover 
must  be  provided  over  the  receptacles  to  prevent  leakage.  Transformers 
should  be  enclosed  singly  or  in  groups  in  metal  enclosures  of  material  not 
less  than  No.  24  U.S.G.  in  thickness  and  mounted  on  the  outside  top  or  side 
of  the  air  duct ,  << 
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E.  EXPERIMENTS  WITH  UV  RADIATION  IN  AIR-HANDLING  SYSTEMS 
1.  Large -Volume  Air  System 

An  UV  installation  designed  to  treat  the  air  in  a  recirculating 
air-conditioning  system  in  an  infectious  disease  building  has  been  tested. 
The  system  handles  air  from  one  large  room  and  recirculates  and  conditions 
it  in  large  ducts  and  plenum  chambers  which  are  housed  in  an  adjoining 
utility  room.  UV  radiation  was  chosen  as  the  best  means  of  treating  this 
air  because  the  design  of  the  system  was  such  that  the  resistance  afforded 
by  bacterial  filters  would  seriously  reduce  the  capacity  of  the  system. 

a.  Ultraviolet  Installation 

UV  lamps  were  installed  at  the  opening  of  the  air  return  duet 
located  on  the  ground  level  of  the  building.  The  duot  opening  at  this  point 
measures  approximately  128  by  102  inches,  or  90.66  square  feet.  After  the 
installation  of  UV  lamps  and  suitable  dust  filters,  the  average  air  flow 
through  the  duct  return  opening  was  42,400  cubic  feet  per  minute.  Sixty 
UV,  high-intensity  Slimline  lsmps  were  mounted  in  the  duct  opening.  Thirty 
lamps  were  placed  vertically  in  each  of  two  banks  (Figure  68).  Eaoh  lamp 
was  operated  at  a  current  of  420  milliamperes.  To  prevent  the  radiation 
from  creating  a  hatard  in  the  adjaoent  working  area,  it  was  necessary  to 
install  metal  dust  filters  around  the  lamps.  Tests  showed  that  the  level 
of  radiation  in  the  working  area  was  thus  reduced  below  the  maximum  allow¬ 
able  concentration.  The  distance  from  each  lamp  to  the  dust  filters  was 
about  41  inches.  In  the  other  direction  (into  the  duct),  the  radiations 
could  be  effective  over  a  distance  of  from  5  to  16  feet.  West inghouso  data 
were  used  as  a  guide  for  the  design,  which  was  made  on  the  basis  of  an 
estimated  99  per  cent  reduction  of  air-borne  microorganisms  par  unit  of  air 
passing  the  lamps. 

UV  lamps,  when  new,  produce  abnormally  high  amounts  of  radiant 
energy.  Accordingly,  the  lamps  were  allowed  to  burn  for  approximately  six 
weeks  before  testing  was  begun.  Intensity  measurements  were  made  of  all 
lamps  with  an  SM  600  UV  meter.  The  average  intensity  per  lamp  at  one  meter 
°  was  98.6  microwatts  par  square  centimeter,  with  a  range  of  85  to  117  mioro- 
watts  per  square  centimeter.  All  lamps  were  cleaned  before  eaoh  test. 

b.  Test  Methods 

The  tests  were  conducted  in  the  following  manneri  A  culture  of 
S.  indies  was  oprayed  continuously  into  the  air  in  the  large  room  (125,000 
cubic  feet),  approximately  15  feet  from  the  duct  intake  opening,  for  a 
period  of  40  minutes.  The  culture  was  sprayed  at  the  rate  of  20  to  25  mil¬ 
liliters  per  minute.  Approximated  one  liter  of  culture  was  used  for  eaoh 
tost.  Aerosol  recovery  samplos  were  taken  with  sieve  air  samplers  from 
sampler  adapter  lines  installed  in  the  air-handling  ducts  on  the  downstream 
side  of  the  UV  lamps.  Usually  one  sieve  sampler  was  located  in  the  large 
test  room  several  feet  from  the  spray  devioe.  During  the  first  20  minutes 
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of  aaeh  test  th§  UV  lamp*  war*  on  and  for  tha  laat  half,  aamplaa  war*  takan 
with  th*  lamp*  off.  Control  aamplaa  alao  war*  takan  bafor*  aaoh  taat, 
Aaroaol  oonoantratlona  war*  raoordad  aa  orianiama  par  oublo  foot  of  air* 

o.  Raaulta 

In  Taat  1  a  24-hour  broth  oultur*  of  S.  indioa  waa  aprayad. 

Tha  raaulta  ar*  ahown  in  Table  LVII.  All  oontrol*"air  aamplaa  takan  bafor* 
tha  taat  war*  nagativa  for  S.  indioa.  Aaroaol  oonoantratlona  during  th* 
off  pariod  avaragad  49  organiama  par  oubio  foot  of  air.  No  taat  organiama 
war*  recovered  during  th*  on  pariod.  indicating  a  100  par  oant  affioianoy 
at  thia  aaroaol  concentration.  During  th*  taat,  th*  duat  filtara  war*  in 
plao* . 


TABLE  LVII.  RECOVERY  OF  S.  IN PIC A  lii  AN  AIR-CONDITIONING  DUCT 

"(tEST  1)1/ 


NUMBER  OF  S. 

INPICA  CELLS  RECOVERED  PER  CUBIC  FOOT 

TIME,  minute a 

UV  Liahta  On 

UV  Liehta  Off 

Location  A 

Location  B 

Looation  A 

Looation  I 

0-5 

0 

0 

63.6 

49.0 

5-10 

0 

0 

50.0 

43,6 

10-15 

0 

0 

!!:&/ 

40.9. 

15-20 

0 

0 

mmujjj 

a.  Control  air  aamplaa  takan  immadiataly  prior  to  th*  taat  war*  nagativa 
for  S.  indioa* 

b.  Not  Seated. 


In  Taat  2  tha  prooaduraa  uaad  war*  tha  a am*  aa  in  Taat  1 
except  that  th*  duat  filtara  waro  removed  during  th*  taat .  Removal  of  th* 
filtara  allowed  higher  aaroaol  concentration  to  enter  tha  air  duot.  A 
36-hour  broth  oultur*  having  a  count  of  36  x  10'  S*  indioa  oalla  par  milli- 
lltar  waa  aprayad*  Th*  raaulta  ar*  given  in  Table  LVIII.  Th*  UV  radiation 
again  waa  100  par  oant  affactiv*  in  inaotivating  tha  S*  indioa  aaroaol,  al¬ 
though  in  thia  caaa,  th*  aamplaa  takan  with  th*  UV  of?  allowed  ooloniaa  too 
numaroua  to  count.  Th*  aaroaol  concentration  waa  aatimatad  to  b*  approxi¬ 
mately  200  partiolaa  par  oubio  foot. 
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TABLE  LVI11.  RECOVERY  OF  S.  INDICA  ,IN  AN  AIR-CONDITIONING  DUCT 

TteST  1)1/ 


NUMBER  OF  S.  INDICA  CELLS  RECOVERED  PER  CUBIC  FOOT 


TIME,  minutes 

UV  Lights  On 

UV  Lights  Off 

Location  A 

Location  B 

Location  A 

Location  B 

0-5 

0 

0 

TNTC 

TNTC 

6-10 

0 

0 

TNTC 

TNTC 

10-15 

0 

0 

TNTC 

TNTC 

15-20 

0 

0 

TNTC 

TNTC 

a.  Control  ftir  samples  taken  iaaodlfttoly  prior  to  the  tost  were  negative 
for  S.  lndicft. 


During  this  tost,  samples  also  were  tftkon  ftt  tho  point  whom  tho 
•pray  woo  generated,  whioh  Wfti  approximately  IB  foot  from  tho  duot  intftko 
opening.  Kith  tho  duot  filtori  removed  from  tho  opening,  tho  UV  r ft dint ion 
emftnftting  from  the  duet  ftppftrontly  wfti  offootivo  oven  in  tho  ft reft  ftround  tho 
spmy  poaition.  Air  iftmploo  tftkon  ftt  tho  opmy  pooition  while  tho  duot  UV 
lights  worn  off  eontftinod  S.  indie*  colls  too  numerous  to  oount.  Air  samples 
taken  at  tho  spray  position  while  tho  duet  UV  lights  woro  on  oontainod  only 
1  to  10  S.  Indio*  calls  per  eubio  foot. 

Siovo  samplers  also  worn  used  to  sample  tho  air  in  tho  adjoining 
utility  room  during  this  tost.  During  tho  20  minutes  when  tho  lamps  worn  on 
no  tost  organisms  worn  recovered,  but  during  tho  off  period  three  out  of 
eight  samples  showod  recovery  of  S.  Indio.  This  result  indicated  that  tho 
plastio  eoating  on  tho  duets  in  tKe  utility  room  was  not  aorosol-tight  and 
that  tho  use  of  UV  radiation  prevented  escape  of  tost  organisms  into  tho  c 
utility  room. 

In  Toot  3  samp lee  wore  taken  at  four  looations  in  tho  air  duot. 
Samplers  wore  operated  for  only  one  minute  oaoh  in  order  to  obtain  a  count¬ 
able  numbor  of  oolonies  on  the  agar  plates.  The  dust  filters  were  removed 
for  the  test.  One  liter  of  S.  Indies  broth  oultura  (9  x  107  cells  per  ml) 
was  sprayed  during  the  40-minute  period.  The  results  are  shown  in  Table 
LIX.  Except  for  one  colony  appearing  on  the  sample  taken  at  Station  D 
during  the  third  sample  period,  complete  inaotivation  was  obtained  of  aero- 
sols  containing  as  many  as  196  S.  indioa  cells  per  cubic  foot. 


TABLE  LIX.  RECOVERY  OF  S.  INDICA  IN  THE  AIR-CONDITIONING  DUCT 

■  (TBsrg)s/ 


NUMBER  OF  S.  INDICA  CELLS  RECOVERED  PER  CUBIC  FOOT 


SAMPLE  NUMBER 

UV  Lights  On 

UV  Lishts  Off 

A 

Station 

B  C 

D 

A 

Station 

B  C 

D 

1 

0 

0 

0 

0 

25 

187 

41 

28 

2 

0 

0 

0 

0 

12 

90 

22 

12 

3 

0 

0 

0 

1 

11 

113 

.  32 

19 

4 

0 

0 

0 

0 

15 

64 

42 

18 

5 

0 

0 

0 

0 

12 

137 

99 

34 

6 

0 

0 

0 

0 

17 

163 

88 

36 

7 

0 

0 

0 

0 

25 

196 

93 

55 

8 

0 

0 

0 

0 

30 

136 

61 

38 

a.  Control  air  sample •  taken  immediately  prior  to  the  test  were  negative 
for  S.  Indies. 


d.  Conclusions 

From  these  tests  it  was  oonoluded  that  the  installation  was 
100  per  eent  effective  in  inactivating  air-borne  S.  indioa  in  concentrations 
as  high  as  196  cells  per  cubic  foot,  when  the  air” system  was  handling  ap¬ 
proximately  42,400  oubic  feet  per  minute  of  air. 

2.  Room-Type  Air-Conditioning  Units 

In  infectious  disease  laboratories  rocsi-type  air-oonditioning 
units  are  sometimes  used  to  provide  local  temperature  oontrol.  Sinoe 
these  units  often  recycle  the  air,  sanitation  of  suoh  air  may  be  required 
for  the  safety  of  workers. 

In  the  following  experiments,  the  utilisation  of  UV  lamps  installed 
in  a  room  air-conditioner  was  evaluated  to  deteraine  whether  there  would  be 
a  resultant  reduction  in  bacterial  contamination  of  room  air  without  exoes- 
sive  radiation  exposure  of  animals  or  laboratory  workers  (118). 

a.  Methods 

The  window-type  room  air-conditioner  (Model  7975D4)  used  was  a 
3/4  HP  unit  of  a  standard  commsrcial  design  manufactured  by  the  United 
States  Air  Conditioning  Corporation,  Minneapolis,  Minnesota  (Figure  69). 
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It  had  air-circulating  oapaoity  of  310  cubic  faat  par  ninuta,  an  axhauat 
air  capacity  of  ISO  oubic  faat  par  minute  and  a  fra ah  air  oapaoity  of  60 
cubic  faat  par  ninuta.  For  tha  taata  tha  axhauat  danpar  waa  cloaad  and 
tha  310  cubic  faat  par  ninuta  of  air  oonaiatad  of  30  cubio  faat  par  ninuta 
of  outaida  air  and  260  cubic  faat  par  ninuta  of  room  air.  In  thia  typo  of 
conditional  condanaata  raaulting  from  dahunidification  of  roon  air  ia 
aprayad  againat  hot  eondanaar  eoila  by  a  alingar  ring  on  tha  oondanaar  fan 
and  diapoaad  of  in  vapor  forn.  However,  tha  ayatan  waa  altarad  for  teat 
purpoaaa  and  tha  condanaata  waa  collected  and  aanplad  for  baotaria.  Tha 
unit  waa  aquippad  with  a  "duet  atop"  to  filter  out  larga  duat  particlaa 
fron  tha  ratum  air.  Tha  conditionar  waa  inatallad  in  a  laboratory  roon 
10  by  12  by  9  faat.  Tha  taat  roon,  air  oonditionar,  and  additional  appa- 
ratua  for  taating  tha  air  oonditionar  ara  ahown  in  Figura  70.  Culturaa  of 
S.  indioa  warn  atonisad  into  tha  roon  by  a  Chicago-type  atoniaar.  A  propal- 
lar  fan  nixad  tha  aaroaol  with  tha  roon  air. 

Figura  71  ahowa  tha  air  conditionar  adapted  for  thia  atudy.  Tha 
duct  waa  aquippad  to  hold  ona  or  two  UV  lamp a  and  paintad  aluninun  to  in-  , 
craaaa  reflectance.  Supply  air  and  UV-abaorbing  duota  were  added  for  aan-  ' 
pling  purpoaaa*  Tha  duct  waa  coated  with  a  cine  oxide,  oil-baaa  paint  for 
maximum  abaorption  of  2B37A  radiation  ao  that  return  air  aanplera  placid  in 
thia  duct  would  not  be  affected  by  radiation  fron  tha  UV  lamp a.  Air  aanplera 
plaoad  in  tho  aupply  duct  aaaured  a  aanpla  of  aupply  air  only.  Wat  and  dry 
bulb  thernonetera  located  in  tha  UV-abaorbent  duct  recorded  tha  relative 
humidity  and  temperature  of  tha  roon  air  returning  to  tha  air  conditioner. 

UV  irradiation  waa  aupplied  by  G36T6-L  Slimline  lamp a.  Tha  in- 
tanaity  of  tha  lanpa  waa  naaaurad  in  nierowatta  par  aquara  centimeter  at  ona 
natar  by  a  Weatinghouae  SM-600  natar.  Tha  tenperature  and  velocity  of  tha 
air  ware  naaaurad  beeauae  thaaa  factora  affaot  UV  lamp  intanaity.  Valooity 
aoroaa  tha  lampa  during  intanaity  neaaurenenta  waa  approximately  tan  faat 
par  minuta,  but  during  all  taata,  tha  valooity  in  tha  duct  waa  200  faat  par 
minuta.  Tha  temperature  varied  fron  70.6°  to  7S.B°F.  Before  any  meaaure- 
nenta  ware  taken,  tha  lanpa  ware  cleaned  with  an  alcohol  dampened  cloth  and 
allowed  to  operate  for  approximately  15  minutea  to  warm. 

Air  aanplaa  ware  collected  with  liquid  impinger  aanplera  in  tha 
abaorbent  duct  to  determine  tha  concentration  of  tha  taat  aaroaol  returning 
to  tha  air  oonditionar.  Sanplee  of  aupply  air  ware  collactad  in  tha  aupply 
duct  with  aiava-air  aanplera  operated  at  tha  rata  of  ona  oubic  foot  par 
minuta. 


Penetration  of  air-borne  organiana  through  the  air  oonditionar 
without  utiliaation  of  UV  lampa  wan  atv  lad  in  tha  firet  two  taata.  The 
panatrationa  ware  36  par  cant  and  45  par  oent,  reapectively.  Partial  re¬ 
moval  of  tha  taat  organiam  from  tha  air  etrean  waa  attributed  to  impinge¬ 
ment  on  tha  duat-atop  filtar  and  on  internal  aurfacaa  of  tha  air  conditionar 
and  duot  work. 


Figure  70.  Air  Conditioner  Toot  Room. 


The  procedure  was  idantioal  for  all  experiments.  Bafora  aaoh 
taat  series,  tha  air  conditionar  waa  plaoad  in  oparation  and  auffioiant 
tina  allowed  to  oool  tha  room  air,  Tha  intanaity  of  2537A  radiation  was 
maaaurad  for  aaoh  UV  lamp  as  praviouily  daaoribad.  Tha  UV  lamps  wars 
turnad  on,  and  a  oontrol  tast  was  mada  bafora  atomisation,  A  24-hour  broth 
oultura  of  S,  indies  dilutad  in  water  was  than  atomisad  continuously  into 
tha  tast  room  by  a  Chicago -type  atomiser.  Air  sampling  was  initiated  after 
tha  atomiser  had  bean  in  oparation  for  a  minimum  of  30  minutes,  Tha  propel¬ 
ler  type  room  fan  shown  in  Figure  70  assisted  in  mixing  tha  air  in  tha  room. 

Each  tast  included  (a)  air  samples  collected  by  two  sieve 
(samplers  located  in  tha  supply  duct,  (b)  air  samples  collected  by  two  liquid 
impingars  placed  in  tha  UV-absorbant  duct,  (c)  culture  samples  of  tha  con¬ 
densate  liquid,  and  (d)  relative  humidity  and  temperature  measurements  of  tha 
air  returning  to  tha  air  conditioner.  Eaoh  tast  series  consisted  of  a  mini¬ 
mum  of  five  tests, 

b.  Results 

Table  LX  shows  the  results  of  two  series  of  control  tests- when 
ultraviolet  lamps  were  not  in  use,  and  ten  series  of  tests  when  the  air 
conditioner  was  equipped  with  (a)  a  single  Slimline  lamp  and  (b)  two  Slim¬ 
line  lamps. 

Test  series  1  and  2  (Table  LX)  show  the  results  of  oontrol 
tests  when  UV  radiation  was  absent.  The  amounts  of  the  baoterial  aerosol 
which  passed  through  the  air  oonditioner  in  the  absence  of  UV  lamps  were 
34,9  per  cent  end  45,0  per  cent,  respectively.  Test  organisms  were  recov¬ 
ered  in  the  condensate  in  test  series  1. 

mien  one  Slimline  lamp  was  used,  penetrations  in  the  five  series 
of  tests  (3  through  7)  varied  from  0.0426  per  oent  (series  5)  to  0.0721  per 
cent  (series  6).  The  five  series  of  tests  were  conducted  on  five  different 
days  but  under  essentially  the  same  conditions.  The  intensity  of  the 
Slimline  lamp  ranged  from  156  to  160  microwatts  per  square  centimeter  at 
one  meter.  The  average  penetration  of  all  test  series  was  0,0535  per  cent. 
No  test  organisms  wore  recovered  in  the  condensate. 

Table  LX  also  shows  the  results  of  five  series  of  tests  (8 
through  12)  when  two  lamps  wore  installed  in  the  system.  The  penetration 
varied  from  0.0116  per  cent  in  test  series  11  to  0.0314  per  oent  in  test 
series  12,  The  average  penetration  was  0,0208  per  oent.  The  oombined  in¬ 
tensity  of  the  two  Slimline  lamps  ranged  from  314  to  326  microwatts  per 
square  centimeter  at  one  meter.  Test  organisms  were  collected  in  the  con¬ 
densate  in  test  series  9,  10,  and  12, 
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TABLE  LX.  USE  OF  UV  IRRADIATION  IN  A  ROOM  AIR  CONDITIONER 
FOR  REMOVAL  OF  BACTERIA 


TEST  SERIES 

PER  CENT  PENETRATION  OF  TEST 
ORGANISMS  (S.  INDICA)  THROUGH 
THE  All  CONDITIONER 

AVERAGE 

PER  CENT 
PENETRATION 

RECOVERY  OF 
S.  INDICA  IN 

“coWUNIAte 

No  UV  Luansi/ 

- 

1 

35 

40 

♦ 

2 

46 

m 

Sinaia  Slialina  UV  Lanpfe/ 

3 

0.0534 

as 

4 

0.0559 

0.0535 

m 

6 

0.0426 

m 

6 

0.0721 

m 

7 

0.0437 

* 

m 

Two  Slialina  UV  Loams?/ 

8 

0.0130 

_ 

9 

0.0237 

+ 

10 

0.0241 

0.0208 

11 

0.0116 

■ 

12 

0.0314 

+ 

a.  Control  toata  (panatration  through  air  oonditionor  using  no  UV  lanps). 

b.  Intsnsity  rang#  froo  1S6  to  160  microwatts  par  sq  oa  at  ona  ns tar. 
o.  Intimity  range  from  314  to  326  niorowatts  par  sq  on  at  ona  aster* 

Tast  Conditional , 

Valooity  of  air  aoross  UV  lanps  -  200  ft  par  nin 
RatuFn  air  -  280  cfn 
Fra ah  air  -  30  ofn 
Supply  air  -  310  ofla 

Ralativa  humidity  variation  -  42  to  51  par  eant 
Conditionar  rstum  air  tsnpsraturs  variation  -  72.9°  to  82.4°F 
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e .  Conclusions 

i 

Thai*  results  ihow  that  a  3/4  HP  raoiroulating  air  conditioner 
•quippad  with  UV  lamps  ops rated  at  420  millismpsrss  substantially  raduoad 
tha  number  of  air-borne  microorganisms  in  room  air  by  a  faotor  of  99.98 
par  oant.  This  raduotion  was  dua  almost  antiraly  to  tha  garaioidal  aotion 
of  VV  radiation. 


Whan  aquippad  with  UV  lamps,  tha  room  air  oonditionar  reeirou- 
latas  ralativaly  clean  air  at  constant  temperatures  and  ralativa  humiditias 
and  providas  tha  room  with  purifiad  air  oomparabla  to  a  systam  which  utilisas 
100  par  oant  frash  air.  This  systam  also  is  much  mora  aconomioal  than  ona 
which  raquiras  complata  make-up  air. 


3.  Sterilisation  of  Air  Flows  of  Ona  to  Tan  Cubio  Fact  Per  Minute 

[ 

Exhaust  air  from  forcibly-aerated  bacterial  oulturas  oft an  oontain 
viable  organisms  (Table  LXZ).  Air  from  small  air-tight  ohaabari  used  to 
study  tha  oharactaristios  of  bactarial  aarosols  or  usad  for  respiratory 
challenge  of  small  animals  likewise  contains  residual  organisms.  In  both 
instances  whan  tha  organisms  are  infectious  for  man,  tha  exhaust  air  should 
be  sterilised. 


TABLE  LXI. 


RECOVERY  OF  ORGANISMS  FROM  EXHAUST  AIR /ROM  FORCIBLY 
AERATED  BROTH  CULTURES  OF  S.  INDICAR/ 


CULTURE 

RATE  OF 

AIR  FLOW 

IN  CU  FT 

PER  MINUTE 

DURATION  OF 
SAMPLING, 
minutes 

COLONIES^/ 
RECOVERED 
PER  LIQUID 
IMPINGER 

50  ml  in  250  co 

0.46 

5 

4.0  x  10? 

Erlenmeyer  flask 

0.46 

5 

4.2  X  10* 

100  ml  in  500  oc 

0.46 

5 

5.4  x  10* 

Erlanmayer  flask 

0.46 

5 

4.6  x  10* 

200  ml  in  1000  co 

0.46 

5 

4.0  x  10* 

Erlanmayer  flask 

0.46 

5 

3.6  x  10* 

a.  20  oc  tryptosa  broth  par  impinger. 

b.  Tha  concentration  of  tha  original  S.  lndioa  cultures  was  approximately 
3.3  x  108  organisms  par  milliliterT 
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Poaaible  method!  for  treatment  of  luoh  air  aro  eleotroatatio  pre¬ 
cipitator!,  filtration,  ineinoration,  and  UV  irradiation*  Although  oaoh 
Mthod  haa  oartain  advantagaa  and  diaadvantagna,  atariliaation  by  UV  aaana 
■oat  practical.  UV  traataant  of  moving  air  ia  not  uaually  conaidarad  oapabla 
of  yialding  atarila  air  baoauaa,  whan  larga  volumaa  of  air  ara  involvad, 
tha  thaoratieal  nuabar  of  laapa  raquirad  baooaaa  ao  graat  that  phyaioal 
looation  ia  oftan  impractical.  For  aaall  voluaaa  of  air  under  relatively 
low  flow  rataa,  however,  it  would  appear  that  a  high  degree  of  diainfaotion 
may  be  obtained  if  tha  proper  amount  of  energy  ia  employed  for  tha  proper 
time  period.  UV  irradiation  of fare  advantagaa  aa  followai 

Ia)  No  re aiatanee  to  air  flow, 
b)  no  aignificant  generation  of  heat, 
c)  relatively  inexpanaive, - 
dj  low  operational  coat, 
a)  auitable  for  aaall  voluaaa  of  air, 
f)  light  weight,  and 
g)  aaaily  moved  from  place  to  plaoe. 

Several  UV  ateriliaera  for  aaall  voluaaa  of  air  were  oonatruoted 
and  teated  prior  to  the  developaent  of  the  apparatua  deaoribed  here.  Theae 
conaiated  of  one  or  two  high  intenaity-UV  lamp a,  aometiaea  in  combination 
with  high  oaone  producing  laapa,  incloaed  in  glaaa  or  aluminum  tubea.  Teata 
ahowed  that  theae  aodela  did  not  completely  aterilice  air  containing  bacteri¬ 
al  eporea,  although  all  vegetative  baoteria  were  killed.  The  apparatua  de- 
acribed  below  ateriliaea  air  at  a  flow  of  one  cubic  foot  per  minute  when  the 
air  oontaine  aa  much  aa  1  x  107  baoterial  aporea  per  oubio  foot  of  air* 

a.  Deaoription  of  the  UV  Air  Steriliaer  " 

The  ateriliaer  conaiata  of  four  aluainua  tubea  joined  alternate¬ 
ly  top  to  bottoa  to  provide  a  oontinuoue  flow  path  for  air  (Figure  72). 

Baoh  tube  ia  35  inohaa  long  and  1-3/0  inohea  in  diaaeter  and  oontaina  one 
086T6  UV  laap*  The  laapa  are  held  in  the  tubea  by  aeana  of  rubber  atoppera 
aealed  in  eaoh  end  and  are  operated  froa  an  outaide  ballaat  aupplying  420 
ailliaaperea  current  to  each  lamp. 

The  apparatua  haa  a  total  volume  of  approximately  0.092  oubio 
'foot  and  weigha  20  pounda.  It  ia  deaigned  for  a  flow  rate  of  one  oubio 
foot  per  ainute  and  a  linear  flow  of  approximately  two  feet  per  aeoond.  At 
thia  flow  the  expoaure  time  of  air-borne  partielee  ia  5.52  aeoonda  (1.38 
aeoonda  per  tube; .  Eaoh  UV  laap  uaed  produced  an  inteneity  of  approximately 
116  aiorowatta  per  aquare  centimeter  on  a  flat  eurfaoe  one  meter  from  the 
bare  laap  and  a  total  UV  output  of  approximately  13  watt a.  In  operation  the 
temperature  of  the  air  in  the  ateriliaer  ia  116 .fl°F* 


a 
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b.  Tot  Methods 

Sports  of  Bacillus  subtills  vsr.  niter  wort  used  as  the  Major 
tot  organism.  Bacterial  aerosols  wort  generated  with  a  Chicago-type  glass 
nebuliser  (260)  and  passed  through  the  steriliser.  The  exhaust  air  from 
the  apparatus  was  sampled  with  the  lamps  on  and  off.  The  off  samples  were 
collected  by  passing  the  air  through  a  small  tube  filled  with  sterile  cot- 
ton.  Collected  spores  were  subsequently  washed  from  the  ootton  and  plated 
in  the  usual  manner.  The  on  samples  were  collected  by  sieve  samplers  or 
slit  samplers  (S3).  Ths  concentration  of  spores  entering  the  tube  was 
determined  with  cotton  samplers. 

Suspensions  of  approximately  1  x  10*  spores  per  milliliter  were 
nebulised  at  the  rate  of  two  to  three  milliliters  per  minute  for  two  to 
four  hours  continuously.  Tests  were  conducted  using  one,  two,  three,  and 
four  lamps. 

c.  Xesults 

Three  separate  experiments,  representing  over  eight  hours  of 
nebulising,  in  which  the  aerosol  concentration  entering  the  steriliser 
varied  from  9  x  10s  to  6  x  10®  spores  per  cubio  foot  showed  that  the  use  of 
four  lamps  inactivated  all  test  organisms  in  the  exhaust  air  (table  LXXI). 
Experiments  in  which  fewer  than  four  lamps  wore  lighted  in  the  apparatus 
showed  that  complete  sterility  could  also  be  obtained  with  three  lamps, 
while  two  lamps  and  one  lamp  gave  penetrations  of  0.000002  and  0.0002  per 
cent,  respectively.  Additional  tests  at  increased  air  flows  of  four  and 
ten  cubic  feet  per  minute  showed  that  aerosois  of  Serratia  indica  could  be 
inactivated  by  four  lamps  (Table  LXXZ). 

The  results  of  these  studies  show  that  the  apparatus  is  an  ef¬ 
ficient  means  of  sterilising  small  volumes  of  highly  contaminated  air  and 
that  the  use  of  four  lamps  provides  a  generous  safety  factor.  In  praotioal 
applications  several  important  maintenance  considerations  must  be  kept  in 
mind.  Since  visual  inspection  of  a  lighted  1TV  lamp  is  not  an  aoourate 
method  of  estimating  UV  output,  no  inspection  windows  were  provided  in  the 
apparatus.  The  outside  temperature  of  eaoh  of  the  aluminum  tubes  will  in¬ 
dicate  whether  the  enclosed  lamp  is  burning.  Records  should  be  kept  of  the 
periods  of  use  of  the  spparatus  so  that  replacement  lamps  msy  be  installed 
after  approximately  750  hours  of  use.  In  addition,  the  lamps  should  be 
eleaned  with  alcohol  after  each  1000  hours  of  use.  Small  intensity  meters, 
such  as  the  Hestinghousr  SM-600  meter,  may  be  used  periodically  to  oheok 
the  UV  output.  A  lamp  should  be  replaced  when  it  tests  less  than  60  per 
cent  of  its  initial  output  (100-hour  rating).  Formaldehyde  vapors  may  be 
used  to  sterilise  the  entire  apparatus  before  removing  the  lamps. 
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XII.  MAINTENANCE  OF  UV  INSTALLATIONS 


A.  TESTING 

Ultraviolet  liapi  sometimes  continue  to  bum  and  oait  a  blue  light  ovon 
after  the  2637A  output  has  deoreaied  beyond  usefulness.  Thie  neane  that 
vieual  inepeotion  of  the  laapi  cannot  be  employed  to  judge  UV  output. 

Special  UV  intensity  aetere  nuit  be  uied.  The  aost  useful  life  of  an  UV 
laap  is  usually  during  the  time  when  the  leap  is  generating  between  100  and 
60  per  cent  of  its  rated  UV  output.  Therefore,  leaps  are  generally  discard¬ 
ed  when  aeter  readings  show  that  the  UV  output  has  fallen  below  60  per  oent 
of  the  100-hour  value.  c 

Routine  testing  of  all  UV  leaps  is  an  essential  part  of  installation 
maintenance.  Leaps  should  be  tested  at  intervals  whioh  are  determined  by 
the  type  of  leap,  the  number  of  hours  per  aonth  the  laap  is  in  operation, 
and  the  frequency  of  starts.  Nomally,  leaps  should  be  tested  every  three 
months  except  in  special  locations  suoh  as  animal  rooas  and  other  inetalla- 
tions  where  hot  cathode  leaps  are  operated  continuously.  In  general,  it  is 
advisable  to  test  all  hot  cathode  leaps  more  frequently  than  the  oold  oath- 
ode  because  of  their  shorter  life  expectaney. 

The  Vestinghouse  SH-600  aeter  is  preferred  for  routine  leap  testing. 
Before  testing  each  lamp  must  be  cleaned  and  allowed  to  wans  up  for  five 
minutes.  It  is  coaaon  practice  to  express  the  leap  intensity  readings  in 
terns  of  microwatts  per  square  centimeter  at  a  distance  of  one  aeter  from 
the  laap*  The  intensity  which  represents  100  per  cent  output  for  each  type 
of  lamp  is  known.  An  intensity  reading  of  40  per  oent  below  this  figure 
indicates  that  the  laap  should  be  replaced.  The  use  of  a  aiaeographed  fora, 
Figure  78,  is  recoanended  for  keeping  reoords  of  the  periodio  intensity 
cheoks. 


B.  CLEANING 

Wave  length  2637A  is  not  particularly  penetrating.  Dried  films  from 
tap  water  or  froa  disinfectant  solutions,  grease,  oil,  or  dust  on  an  UV 
laap  will  seriously  reduce  its  output.  All  leaps  should  be  oleaned  routine¬ 
ly  at  two-week  intervals,  or  aore  often  if  the  lamps  are  looated  in  an  area 
whioh  is  abnormally  dusty.  Leaps  and  reflectors  should  be  wiped  with  a 
soft  oloth  pad  which  has  been  moistened  with  alcohol  without  being  removed 
froa  the  fixtures.  Lamps  must  be  turned  off  while  cleaning* 
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Figure  78.  UV  Inatallation  Record. 


C.  DISPOSAL 

UV  lanpa  contain  marcury  vapor  and  wall  quant  it  1m  of  matallio  naroury, 
therefore,  nathods  for  diapoaal  of  uaad  and  worn-out  laapa  ahould  naat  tha 
following  raquiranantai 

(a)  Lanpa  ahould  ba  brokan  in  tha  opan  ao  that  tha  naroury  vapor 
will  ba  quickly  diaaipatad. 

(b)  Liquid  naroury  from  tha  lanpa  ahould  not  ba  allowad  to  antar 
tha  building  aawar  ayatam. 

(o)  Tha  aana  cara  and  procaduraa  ahould  ba  uaad  in  tha  diapoaal  of 
UV  lanpa  aa  ara  uaad  in  tha  diapoaal  of  atandard  fluoraacant  lanpa. 


XIII.  EFFECTS  OF  UV  RADIATION  ON  EXPOSED  PERSONNEL 
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A.  EFFECTS  ON  THE  EYES  AND  SKIN 

Numerous  report i  are  available  on  the  beneficial  and  detrimental  effect* 
of  UV  radiation  on  the  body  (74,175,181).  The  effeot  the  radiation  will 
produee  ie  determined  by  euoh  factor*  a*  the  dosage  of  radiation,  wave 
length,  the  portion  of  the  body  exposed,  and  sensitivity  of  the  individual 
at  the  time  of  irradiation.  In  the  application  of  ultraviolet  lamps,  there 
is  always  a  danger  of  an  aooidental  over-exposure  of  the  eyes  and  skin. 

1.  Effects  on  the  Eyes  (Blepharoconjunctivitis) 

An  over-exposure  of  the  eyes  to  UV  radiation  will  result  in  a  pain¬ 
ful  irritation  of  the  conjunctiva  and  eyelids.  The  latent  period  is  from 
three  to  twelve  hours  depending  upon  the  amount  of  radiation  reoeivedi  the 
greater  the  exposure,  the  sooner  and  more  severe  are  the  symptoms.  There 
is  a  very  unpleasant  foreign  body  sensation  aooompanied  by  laorlmation.  The 
symptoms  usually  disappear  in  a  day  or  two. 

a.  Medioal  Effeot a  ^ 

Ultraviolet  radiation  on  the  eye  is  absorbed  successively  by  the 
oornea,  the  aqueous  humor,  the  lens,  and  the  vitreous  humor,  before  reaohing 
the  retina.  The  relative  absorption  in  these  various  parts  differs.  It  is 
greatest  in  the  lens,  next  in  the  oornea,  then  in  the  vitreous  humor,  and 
least  in  the  aqueous  humor.  With  an  inorease  in  age  there  is  also  an  in¬ 
crease  of  absorption  by  the  lens.  The  rods  and  cones  are  quite  sensitive  to 
UV  radiation,  as  has  been  observed  by  those  who  have  had  a  lens  removed. 

About  the  only  offeot  of  UV  radiation  on  the  retina  that  the  normal  eye  oan 
detect  is  an  indirect  one;  UV  radiation  of  wave  length  3600A  oauees  the  eye 
media  to  fluoresoe.  The  fluoresoenoe  produced  by  the  stimulating  UV  radial 
tion  is  in  the  visible  spectrum)  thus  stimulation  of  the  retina  results  (174) 

Nave  lengths  of  less  than  2600A  are  more  effective  in  produeing 
conjunctivitis  of  the  eye  than  eiythema  of  the  skin.  This  is  probably  due 
to  the  absenoe  of  the  strongly  absorbing  horny  layer  on  the  oonjunotiva. 
Experiments  indicate  that  the  wave  lengths  oausing  conjunctivitis  are  simi¬ 
lar  to  the  absorption  curve  for  nucleic  acid  (174).  The  characteristic 
effeots  on  the  human  eye  produced  by  prolonged  exposure  to  artifioial  UV 
souroes  arei  inflammation  of  the  oonjunotiva,  oornea,  and  irisi  photophobia) 
copious  laorlmation.  The  cornea  is  hyperemic,  swollen,  and  oovered  with  a 
Slimy  seoretion  (181). 
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b.  Effect!  on  Mice 

Several  experiment ■  have  been  reported  pertaining  to  the  effeot* 
of  UV  radiation  on  the  eyes  of  mioe.  Bueohke  et  al  (40)  carried  out  a 
aeries  of  experiments  observing  histological  as  well  as  mioroeeopic  effeots. 
Using  the  corneal  epithelium  as  the  basis  for  the  investigation,  they  found 
that  mitotic  activity  of  the  cells  was  inhibited.  Severe  exposures  led  to 
nuclear  fragmentation  in  the  superficial  layers  which  eventually  resulted 
in  the  death  of  the  cells.  Ssvers  fragmentation  is  correlated  with  the 
clinically  visible  roughing  and  stippling  of  the  corneal  surfaoe  in  photo- 
phthalmia.  These  changes  ars  first  observed  two  to  three  hours  after  ex¬ 
posure.  A  loss  of  cohesion  between  the  epithelium  and  the  stroma  occurred 
with  a  sloughing  off  of  the  loosened  oells  and,  in  some  cases,  layers  of 
cells,  in  6  to  48  hours  after  treatment. 

c.  Effects  on  Guinea  Pigs 

An  experiment  was  carried  out  in  the  authors'  laboratories  to 
determine  the  gross  effects  of  UV  radiation  on  forty-two  guinea  pigs.  The 
pigs  were  placed  one  meter  from  an  UV  lamp  emiting  45  microwatts  per  square 
centimeter  of  2537A  radiation  at  the  distanoe  of  one  meter.  The  time  of 
exposure  was  varied  so  as  to  determine  the  maximum  amount  of  UV  radiation 
that  could  be  tolerated  by  a  guinea  pig. 

The  first  exposure  was  10  minutest  then  15,  30,  and  60  minutes. 
Thirty«six  animals  received  only  a  single  UV  exposure.  Four  animals  were 
exposed  in  a  series,  four  times  24  hours  apart,  and  the  other  two  animals 
were  exposed  40  times  over  a  two  month  period,  the  minimum  interval  being 
24  hours.  Following  exposure  the  eyes  and  ears  of  eaoh  animal  were  care¬ 
fully  examined  at  appropriate  intervals  for  a  sustained  period  of  time. 

An  opthalmoscope  was  employed  as  neeessary. 

No  .significant  effeots  were  observed.  Guinea  pigs  appear  to 
suffer  no  immediate  effeots  from  radiation  doses  of  2537A  which  are  more 
than  enough  to  cause  blepharoconjunotivitis  in  the  human  eye.  Furthermore, 
observations  for  as  long  as  ten  months  showed  no  obvious  loss  of  sight  or 
other  visual  abnormalities. 

d.  Effects  on  Humans 

The  degree  of  ophthalmia  is  dependent  upon  the  wave  length  of 
radiation  as  well  as  the  dose.  Short  wave  length  radiation,  suoh  as  2537A, 
emitted  by  bactericidal  lamps  is  mainly  absorbed  by  the  conjunotiva  and 
cornea.  Some  radiation  above  3000A  is  absorbed  by  the  iris  and  lens  as 
well  as  the  conjunctiva  and  cornea.  The  fact  that  nearly  all  of  the  bao- 
tericidal  (2537A)  radiation  is  absorbed  by  the  immediate  surfaoe  of  the 
eye  would  explain  why  this  radiation  is  more  harmful,  at  a  given  dosage, 
than  longer  radiation  that  can  penetrate  through  a  greater  volume  of  tissue. 
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Thuc  Fitchtr  it  al  (84)  rtporttd  that  about  four  milliwatt-iooondo  par  iquara 
oentimeter  orSTOOA  radiation  will  produoa  a  keratitii  while  at  much  ai  60 
milliwatt-seconds  par  iquara  centimeter  was  naoaaaary  for  radiation  at 
3000A.  Rooka  (269)  founds  on  self-investigation,  that  an  axpoaura  of  thraa 
Milliwatt- aaoonda  par  iquara  oantiaatar  of  2637A  waa  auffioiant  to  oauia  a 
•light  ophthalaia  ooourring  12  hour*  aftar  axpoaura.  It  is,  therefore,  not 
•urpriiing  that  several  authors  (46,181,259)  have  emphasised  tha  detrimental 
affaota  which  can  ba  oauaad  by  over-expoaure  to  2537A  radiation.  Ona  re¬ 
ported  oaaa,  raaultad  in  a  temporary  partial  blindnaaa  of  tha  patient  for 
eleven  days.  In  a  scan  of  reeent  literature  no  case  of  pemanent  blindnaaa 
due  to  2537A  UV  burns  could'  be  found,  hut  there  hava  bean  many  oases  of  con¬ 
junctivitis  of  tha  ayes  which  ware  quite  painful  for  several  daya.  Kovacs 
(176)  reports  tha  use  of  ultraviolet  radiation  in  tha  treatnent  of  eye  dis¬ 
eases. 

/  ’  - 

a.  Conclusions 

An  accidental  over-exposure  of  tha  aye  to  2537A  UV  radiation  is 
a  painful  axparianca.  Records  of  pemanent  damage  to  tha  aye  by  this  radia¬ 
tion  hava  not  bean  found.  To  relieve  pain  Xovaes  (175)  suggests  tha  use  of 
infrared  radiation  applied  to  tha  dosed  eyelids.  An  ordinary  inoandeseent 
bulb  oan  ba  held  near  tha  eyelids  for  20  to  30  minutes.  Another  method  to 
relieve  pain  is  to  bathe  the  eyes  in  warm,  sterile  borio  aoid  solution  using 
sterile  cotton  pads.  This  is  followed  by  a  drop  of  sweet  oil  into  eaoh  eye. 
The  irritation  produced  by  germicidal  lamps  disappears  within  a  day  or  two| 
much  more  quickly  than  a  corresponding  degree  of  irritation  produoed  by 
longer  wave  length  ultraviolet.  There  is  apparently  no  permanent  injury  and 
no  hypersensitivity  to  sunlight  as  sometimes  results  from  eye  bums  produoed 
by  high  intensity  quarts  mercury  arcs,  carbon  arcs,  or  weldii.*  arcs. 

2.  Effects  on  the  Skin  (Erythema) 
a.  General  Radiation  Effects 

Cb< 

Exposure  of  the  skin  to  radiation  between  240QA  and  320QA  will 
produoe  an  erythema  which  develops  in  one  to  eight  hours  depending  upon  the 
intensity  of  radiation,  the  type  of  radiation,  and  the  sensitivity  of  the 
subjeot.  The  erythemal  effectiveness  of  different  wave  lengths  is  repro¬ 
duced  in  Figure  74  from  the  work  of  Coblent s  et  al  (47). 

The  effeots  of  UV  radiation  on  the  skin  have  been  studied  more 
extensively  than  effects  on  the  eye.  Host  experimental  work  has  been  done 
on  the  formation  of  erythema.  The  primary  effect  is  a  reddening  of  the 
skin,  whioh  is  due  to  a  temporary  increase  of  blood  in  the  small  vessels  of 
the  skin. 
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A  common  biological  unit  of  ultraviolet  doing*  it  th*  minima 
p*ro*ptibl*  *ryth*aa  (MPB)  which  ii  equal  to  approximately  20,000  microwatt- 
aeoonda  per  aquar*  centimeter  of  2967A  radiation  equivalent.  A  MPB  dis¬ 
appear*  in  24  hours.  Greater  exposure  results  in  various  degrees  of  inflam¬ 
mation  or  even  blistering  and  hemorrhage.  Below  is  a  chart  of  the  degrees 
of  erythema  produoed  by  exposure  to  mid-summer  noon-day  sunt 


Relative 


so sure 


Degree  of  Bi 


1 

2.5 

5 

10 


MPB 

Vivid,  with  moderate  tan 
Painful  "burn" 
Blistering 


Erythema  is  followed  by  pigmentation  (or  tanning)  of  the  skin, 
whioh  is  noticeable  two  to  three  days  after  irradiation.  Tanning  usually 
does  not  ooour  when  the  erythema  is  due  to  2537A  radiation. 

Radiation  batwsen  2800A  and  3200A  can  cause  many  reactions  in 
the  skin.  Some  of  the  radiation  can  penetrate  down  through  the  prickle 
cells  down  to  the  basal  cells.  About  20,000  miorowatt  -  seconds  per  square 
centimeter  of  radiation  at  2967A,  the  peak  of  the  erythemal  curve,  will 
produoe  a  minimum  peroeptible  erythema.  There  will  be  a  stimulation  of 
the  prickle  cells  to  produce  pigment  and  a  thickening  of  the  whole  epider¬ 
mis.  Large  doses  of  radiation  can  cause  blistering  and  metabolic  disturb¬ 
ances  in  th*  entire  body  as  a  result  of  release  of  photodeoomposition  prod¬ 
ucts  into  th*  blood  stream.  Bllinger  (74)  gives  examples  of  inoreased 
sensitivity  to  radiation  as  a  result  of  application  or  ingestion  of  photo- 
sensitising  compounds.  Both  the  bactericidal  and  th*  longer  radiation  oan 
convert  some  of  the  sterols  to  vitamin  D.  Kovaos  (175)  gives  other  thera¬ 
peutic  uses  of  radiation. 

•j 

Th*  erythemal  curve  (figure  74)  shows  th*  relative  effectiveness 
of  equal  amounts  of  energy  in  different  parts  of  th*  speotrum  in  producing 
erythema.  Thus  an  exposure  of  several  times  th*  threshold  value  of  solar 
radiation  will  produce  more  sever*  burns  than  a  similar  over-exposure  to  a 
germicidal  lamp. 

Table  LXZ1Z  summarises  information  concerning  th*  transmission 
of  UV  through  th*  different  layers  of  th*  human  skin. 

Tanning  or  pignsntation  is  due  to  the  migration  of  the  pigment 
already  present  in  the  basal  cells  to  th*  more  superficial  layers  and  to 
th*  formation  of  new  pignant.  Th*  tanning  response  curve  follows  th* 
erythema  curve  in  a  general  way.  Migration  of  th*  pigment  from  th*  un¬ 
damaged  basal  oells  into  th*  injured  cells  of  th*  outer  epithelial  layer  is 
due  to  th*  tropic  aotion  of  th*  ohemioal  substance  set  free  by  th*  injured 
oells  (181). 
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TABLE  LXIII.  PER  CENT  TRANSMISSION  OF  UV  THROUGH  SKIN* 


NAVE  LENGTH,  A 

LAYERS  OF  SKIN 

Comaua 

Malpighi 

Coriun 

Subcutanaoua 

2000 

0 

0 

0 

0 

2500 

19 

11 

0 

0 

2800 

15 

9 

0 

0 

3000 

34 

18 

0 

0 

4000 

80 

57 

1 

0 

5600 

87 

77 

5 

0 

7500 

78 

66 

21 

1 

10,000 

71 

85 

17 

0 

14,000 

44 

28 

9 

0 

Notaai 


2000A  -  All  UV  abaorbed  by  tha  corneum.  No  radiation  roaohaa 
tha  gerninatiun,  Surfaoa  organiaaa  ara  killed.  Sur- 
faoa  layar  of  ealla  alto  nay  bo  daatroyad, 

2500A  to  3000A  -  Graataat  abaorption  ia  in  tha  atratun  corneum.  Sosa 
o  radiation  raachaa  tha  oorlun,  but  none  raaohaa  tha 

auboutanaoua  layara.  Erythana  and  pigment  ara  pro- 
duoadt 

3000A  to  4000A  -  Ralativaly  largo  abaorption  in  tha  atratum  aalpighi. 

There  i a  pigaant  and  tanning  produeed,  but  vary  littla 
orythaaa. 

4000A  to  7500A  -  There  ia  a  niniaua  aaount  of  abaorption  in  tha  atratun 

oornaun,  noat  of  tha  radiation  ia  abaorbad  in  tha  ooriun. 
Pronouncad  radiation  raaohaa  tha  auboutanaoua  layara* 
Hyperamia  ia  cauaed. 

7600A  to  14,000A  -  Thara  ia  inoraaaod  abaorption  in  uppar  layara,  da- 
oraaaing  in  lower  araaa. 


«  Adaptad  from  Baoham  and  Road  in  Kollar  (174) 
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On*  process  which  occur*  in  th*  skin  (th*  conversion  of  certain 
sterols  into  the  vitsains  of  the  D  groups)  is  known  to  account  for  th* 
beneficial  results  of  irradiation  in  the  prevention  and  treataent  of  riokets. 

UV  irradiation  fonts  or  liberates  active  substances  whioh  are 
responsible  for  th*  erythemal  response  and  tanning*  the  active  substance 
is  probably  a  protein,  or  a  siaple  derivative  of  th*  cells  of  th*  stratua 
aalpighi  (gerainativua),  an  H-substanee,  a  substance  with  bob*  of  th*  func¬ 
tions  of  histamine,  if  not  histaain*  itself.  Zt  is  in  th*  fora  of  a  H  col- 
loid,  Zt  is  believed  that  th*  injury  is  cau§*d  by  th*  denaturation  and 
coagulation  of  the  proteins  of  th*  cells.  Protein  denaturation  by  UV  radia¬ 
tion  has  been  considered  to  be  a  fundsaental  effect  which  aay  lie  at  the 
bottoa  of  aor*  complex  radiation  changes  (181). 

Repeated  irritation  by  UV  rays  between  2800A  and  3200A  (9)  can 
cause  ohronic  lesions  whioh  aay  be  precancsrous*  Malignancy  of  huaan  skin 
nay  result  froa  excessive  esqposure,  perhaps  by  increasing  an  already  present 
predisposition,  causing  a  tuaor  to  appear  earlier  and  to  beoou*  malignant, 
Erytheaa  and  pigmentation  are  both  due  to  injury  to  the  priokl*  cell  layer 
of  th*  epidermis,  and  th*  production  of  cancer  aay  be  th*  result  of  similar 
photochemical  changes.  * 

Zf  the  cells  of  th*  basal  layer  of  th*  skin  reoeiv*  an  exces¬ 
sive  quantity  of  radiant  energy,  th*  two  protective  processes,  oomifieation 
and  pigaentation,  become  abnormally  great,  and  a  third  degenerative  prooess 
starts.  Th*  developing  neoplasa  occurs  in  th*  plao*  of  greatest  prolifera¬ 
tion,  beginning  in  a  wart-like  hyperkerotosis  (eomifioation,  a  preoanoerous 
change),  A  cancer  develops  froa  a  preoanoerous  lesion  not  only  as  a  result 
of  a  continuation  of  the  initial  insult  but  also  as  a  result  of  any  con¬ 
tinued  trauaa.  Thus,  UV  radiation  is  thought  only  to  play  a  role  in  th* 
initiation  of  the  process  (181). 

b.  Effects  on  Mice 

Rusch  et  al  (262)  found  that  UV  radiation  appears  to  oaus*  harm¬ 
ful  effects  in  aic*  quit*  independent  of  th*  processes  that  lead  to  tuaor 
formation.  With  very  high  intensities  of  radiation  th*  aniaals  JLost  weight, 
their  physioal  condition  was  visibly  poorer,  they  were  less  animated,  and 
reproduction  ceased. 

These  workers  produced  canoerous  tuaor*  in  test  aioe,  but  th* 
time  required  was  two  and  one-half  months.  No  aatter  how  great  th*  daily 
dosage,  this  tiae'could  not  be  reduced.  Neither  th*  intensity  of  th*  energy 
nor  th*  length  of  th*  daily  exposure  altered  th*  rat*  of  tuaor  production. 

Zn  th*  preoanoerous  period  there  were  two  phasesi  (a)  th*  period 
of  exposure,  and  (b)  th*  latent  period.  Zn  general  th*  length  of  th*  latent 
period  was  inversely  proportional  to  th*  length  of  th*  period  of  exposure. 
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The  existence  of  a  latent  period  in  the  developaent  of  huaan  cancer  it  well 
known,  particularly  in  oanoers  due  to  radium,  roentgen,  and  UV  radiation. 

The  oaroinogenio  wave  lengths  were  found  to  lie  between  2900A  and  3341/. 

Wave  lengths  below  2S37A  and  above  3341A  were  found  to  be  nonoaroinogenio. 
The  oaroinogenio  wave  length!  thus  ooinoided  in  part  with  those  most  potent 
in  the  production  of  erythema.  Wave  lengths  of  2537A  produced  erythema 
without  producing  tumors. 

Given  over  a  three-month  period,  63  to  84  x  10?  ergs  per  square 
centimeter  of  effective  radiation  were  adequate  to  form  tumors*  Onoe 
initiated,  the  oaroinogenio  prooess  proceeded  without  further  exposure,  as 
was  shown  by  suspending  exposure  on  one  group  of  animals  eaoh  day  over  a 
period  of  several  weeks.  In  some  oases  several  months  lapsed  between  the^ 
end  of  the  exposure  period  and  the  time  the  tumors  appeared. 

Blum  (29)  and  Blum  at  al  (31)  studied  the  relationship  between 
dose  and  rate  of  tumor  induet ion  bjTUV  radiation.  The  time  in  which  50 
per  oent  tumor  inoidenoe  (T50)  ooours  will  not  be  reduced  if  the  weekly 
dosage  is  inoreased  to  five  days  a  week.  However,  inoreasing  the  exposure 
to  seven  days  a  week  will  decrease  the  induction  time.  If  the  weekly  dose 
is  given  in  one  exposure,  T50  is  longer  than  for  five  or  seven  daye-a-week 
exposure.  Intensity  may  be  varied  over  a  wide  range  with  no  significant 
change  in  T50.  At  high  dosages  a  considerable  number  of  cells  are  destroyed, 
thus  affecting  the  induction  time  beoause  it  decreases  the  amount  of  tissue 
in  whioh  the  tumor  may  develop. 

Blum  et  al  (30)  in  another  study  induced  100  per  oent  incidence 
of  tumors  of  the  ears  of  mice  by  exposure  to  mereury  arc  radiation  under 
oarofully  controlled  conditions*  The  production  of  tumors  depends  upon  the 
quantity  of  radiant  energy  applied  rather  than  upon  the  intensity  of  the 
radiation.  There  was  a  wide  spread  in  the  time  of  appearance  of  the  first0 
tumors  and  of  the  time  of  appearance  of  the  last  tumors  in  eaoh  series, 
e.g.,  102  days  for  the  first  tumor  and  221  days  for  the  last  tumor.  Fifty 
per  oent  inoidonce  was  reached  in  135  days  with  an  exposure  dose  of  approxi¬ 
mately  100  MPE's  per  day. 

i 

Photorecovery  from  the  effeots  of  UV  radiation  was  demonstrated 
by  Rieck  and  Carlson  (250)  in  1955.  Their  work  was  probably  the  first 
example  of  photoreactivation  in  mammals.  Mioo  were  exposed  for  35  to  40 
minutes  a  day,  5  days  a  week  for  45  days.  The  wave  lengths  of  UV  radiation 
were  2000A  to  3130A.  The  highest  dose  used  was  1.6  x  108  ergs  per  square 
centimeter  of  radiant  energy.  Criteria  for  the  detection  of  effeots  weret 

(a)  the  difference  in  the  death  rate  of  animals  kept  in  darkness  as  com-  1 
pared  to  animals  exposed  to  visible  illumination  between  each  eaqposure,  and 

(b)  the  damage  done  to  the  ears  of  the  animals.  The  results  showed  that 
there  was  about  a  35  per  cent  difference  in  the  death  rate.  Thirty  per  oent 
of  the  mioe  kept  in  the  dark  survived  and  about  65  per  cent  of  the  mioe  kept 
in  the  light  survived.  The  ears  of  the  animals  kept  in  the  dark  reoeived 
much  more  damage  than  the  ones  kept  in  the  light. 
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e.  Effects  of  2637A 

Radiation  from  a  baotorioidal  loop,  aainly  2537A,  it  absorbed 
by  tho  horny  layor  and  outermost  oalla  of  tha  nalpighian  layer  and  never 
reaohea  the  baaal  oell  layer.  The  horny  layer  ia  the  protecting  screen  for 
the  living  epidermal  oalla.  Approximately  30,000  microwatt-seconds  per 
square  osntdmeter  of  2537A  radiation  will  produce  a  minimal  peroeptible 
erythemp.  Greater  doaages  of  2S37A  radiation  will  increase  the  erythema, 
followed  by  the  loss  of  moat  of  the  outer  layer  of  the  skin.  Blistering 
and  hemorrhage  of  the  skin  does  not  occur.  Very  little  or  no  pigmentation 
ia  observed.  Laurens  (181)  states,  based  on  the  work  of  Ruseh  et  al  (262), 
that  "radiant  energy  of  2637A  produoes  erythema  but  no  tumors  no  master  how 
large  the  dose." 

The  Council  of  Physioal  Medioine  of  the  Amerioan  Medical  Associa¬ 
tion  (6)  has  established  a  maximum  allowable  level  for  2637A  radiation.  Tor 
persons  exposed  seven  hours  daily,  the  UV  intensity  falling  on  the  faoe  and 
hands  is  limited  to  0.5  microwatts  per  square  centimeter  of  2537A  radiation 
or  a  total  daily  dose  of  12,600  miorowatt-seoonds  per  square  eentimeter. 

This  is  well  under  the  exposure  neeessary  to  produce  an  MPE  on  an  average 
untanned  exposed  skin.  The  established  maximum  allowable  radiation  level 
for  oonotant  exposure  has  been  set  at  0.1  mierowatt  per  square  oentimeter 
or  a  total  daily  dose  of  8640  miorowatt-seoonds  per .square  oentimeter.  Table 
LXIV,  taken  from  Buttolph*  (151),  gives  extrapolated  values  of  permissible  ex¬ 
posures  for  different  intensities  and  times. 


TABLE  LXIV *  PERMISSIBLE  DAILY  EXPOSURE  TO  UV  RADIATION*/ 


EXPOSURE  TIKE 

PER  24-HOUR  PERIOD 

INTENSITY  OP  FACE 
LEVEL,  miorowatts 
per  sq  on 

TOTAL  CALCULATED  DOSE, 
miorowatt-minutes 
per  sq  oa 

24  hours 

0.1 

144 

12  hours 

0.3 

216 

7  hours 

0.5 

210 

6  hours 

0.6 

216 

4  hours 

0.9 

216 

3  hours 

1.2 

216 

2  hours 

1.8 

216 

1  hour 

3.6 

216 

30  minutes 

7.2 

216 

10  minutes 

21.6 

216 

1  minute 

216.0 

216 

5  seoonds 

2600.0 

216 

a.  Based  on  Amerioan  Medioal  Association  standards. 
*  Cited  in  Hollaender. 
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Tests  were  made  by  the  authors  on  the  white ,  untanned  skin  of 
the  upper  arm  of  an  individual.  An  erytheswl  exposure  slide  was  constructed 
of  cardboard.  This  slide,  when  taped  to  the  arm,  allowed  the  intermediate 
exposure  of  six  circular  areas  of  skin  approximately  two  centimeters  in 
diameter.  One  15-watt,  hot  cathode  UV  lamp  was  used  as  the  energy  source. 
The  arm  of  the  test  individual  was  held  three  inches  from  the  center  of  the 
lsmp.  At  this  point  the  intensity  falling  upon  the  skin  was  1000  microwatts 
per  square  centimeter.  Six  circular  areas  of  skin  were  exposed  to  the  UV 
from  0.5  to  8  minutes.  The  ET  values  received  varied  from  500  in  the  0.5 
minute  exposure  to  8000  in  the  8  minute  exposure.  After  exposure,  the 
skin  wan  observed  for  a  period  of  24  hours.  For  this  test  individual  the 
following  results  were  observed! 

(a)  Skin  areas  receiving  an  ET  of  500  showed  a  (MPE)  mini¬ 
mum  perceptible  erythema  (very  light  pink). 

(b)  Skin  areas  receiving  an  ET  of  1000  to  3000  showed  defi¬ 
nite  erythema  with  increasingly  darker  pink  disooloration  of  the  skin.  The 
areas  were  not  painful  to  the  touch. 

(c)  Skin  areas  receiving  an  ET  of  8000  had  moderate  to 
severe  erythema.  The  areas  were  medium  to  dark  red  in  color  and  were 
slightly  sensitive  to  the  touch.  No  blister  formation  resulted. 

Tho  ET  value  required  to  produce  a  MPE  on  this  individual  was 
about  the  same  as  the  value  given  by  Luckiesh. 

An  experiment  was  conducted  with  six  adult  males  to  determine 
if  any  injurious  effects  could  be  caused  by  short  exposures  to  UV  radiation 
in  an  air  lock.  The  air  lock  used  was  eight  feet  long,  three  feet  six 
inches  wide,  and  ten  feet  high.  The  radiation  was  supplied  by  three  bare 
30-watt,  hot  cathode  lamps  mounted  in  the  ceiling.  The  average  UV  intensity 
in  the  air  lock, was  79  microwatts  por  square  centimeter  at  a  five-foot  level 
above  the  floor  and  129  microwatts  per  square  centimeter  at  the  seven-foot 
level. 


The  six  individuals  were  exposed  to  the  radiations  in  the  air 
lock  for  periods  of  time  varying  from  10  to  60  seoonds.  Three  of  the  in¬ 
dividuals  wore  their  personal  eye  glasses,  three  did  not.  All  were  bare¬ 
headed.  Five  of  the  men  had  bare  arms  and  shoulders  during  the  test  which 
was  conducted  during  the  winter  months  when  the  exposed  skin  areas  were 
white  and  untannMd.  None  of  the  exposed  individuals  experienoed  any  de¬ 
gree  of  eye  burn  (conjunctivitis)  and  no  perceptible  erythema  was  noted  on 
the  skin,  Zt  was  estimated  that  the  maximum  time  that  would  be  required 
for  an  individual  to  pass  through  this  eight-foot  air  lock  under  normal 
circumstances  was  five  seconds.  The  60-seoond  exposure  did  not  affect  the 
eyes  or  skin  of  the  men.  Therefore,  normal  passage  through  the  air  look 
when  the  UV  lamps  were  operating  was  considered  to  be  safe. 
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d.  Conclusions 

When  evaluating  the  hasards  of  VV  radiation,  the  offset  on  the 
oyss  should  bs  given  first  attention*  If  the  intensities  involved  are  with¬ 
in  the  allowable  limits  set  by  the  Aaerioan  Medioal  Association,  no  protection 
for  the  eyes  or  skin  is  required.  Slightly  higher  intensities  nay  require 
proteotion  for  the  eyes,  and  when  very  high  intensities  are  present,  it  nay 
be  necessary  to  protect  the  skin  as  well  as  the  eyes.  Justification  for  the 
proteotion  of  the  eyes  before  the  skin  stens  fron  the  fact  that  the  eyes  are 
nore  sensitive  and  that  no  real  ham  results  fron  a  mininun  erythema  of  the 
skin)  the  skin  usually  adapts  itself  rather  rapidly* 


B.  PERSONNEL  PROTECTION 

The  general  problea  of  proteotion  of  personnel  fron  injury  by  UV  radia¬ 
tion  nay  be  divided  into  two  categories.  Under  the  first  oategory  suoh 
visual  aids  as  warning  signs  and  indicator  lights  nay  be  considered,  while 
the  seoond  includes  protective  equipnent  to  be  worn  by  exposed  personnel* 

Sone  speoifio  rules  for  the  use  of  visual  aids  are  listed  belowt 

(a)  When  UV  leaps  are  controlled  by  annual  switches,  the  switches 
should  be  located  outside  the  room,  preferably  near  the  entranee  door. 

(b)  When  nanual  switches  are  used,  a  snail  oolbalt  blue  indioator 
light  should  be  mounted  near  the  switch*  The  indioator  light  will  serve  as 
a  constant  reminder  that  the  UV  leaps  are  burning. 

(c)  Warning  signs  nust  be  used  at  every  UV  installation.  The  exaot 
looation  of  the  signs  and  the  message  they  convey  will  vary  with  different 
types  of  installations.  In  general  it  is  desirable  to  post  a  sign  outside 
a  room  housing  an  UV  installation.  The  wording  on  the  sipi  will  ooinoide 
with  the  safety  regulations  recoaaended  for  the  partioular  type  of  instal¬ 
lation.  The  sentences  listed  below  illustrate  the  type  of  nessage  to  be 
used  on  the  signsi 

(1)  Caution  -  Ultraviolet  lanps  in  use,  protect  your  eyes. 

(2)  Caution  -  Ultraviolet  lanps  in  use,  do  not  enter. 

(3)  Caution  -  Turn  off  ultraviolet  lanps  before  entering* 

(4)  Caution  -  Strong  ultraviolet  in  use,  proteot  your  skin  and 

eyes. 

(d)  In  sone  installations  (such  as  UV  door  barriers)  a  danger  pat¬ 
tern  nay  be  painted  on  the  floor  or  walls  to  designate  areas  of  high  UV 
intensity. 
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UV  radiation  in  the  2537A  rang*  ha*  littla  penetrating  affact.  Ordinary 
glaaa  completely  abaorba  tha  energy ,  aa  do  aoat  plaatiea,  rubber,  and  eimi- 
lar  matariala.  Tha  penetration  of  UV  through  olothing  will  depend  upon  the 
oloaeneaa  of  weave  of  the  fabric.  Practical  experience  haa  ehown  that  the 
akin  ia  uaually  adequately  protected  by  ordinary  cotton  laboratory  clothing. 

1.  Eye  Protection 

While  ordinary  apectaclea  will  in  many  inatancea  offer  adequate  eye 
protection,  it  ia  recommended  that  aafety  glaaaea  or  gogglea  with  aolid 
aide  piecea  be  uaed.  The  aide  piecea  prevent  the  entranbe  of  the  radiation 
when  the  eouree  ia  to  the  left  or  right  of  the  expoaed  individual.  Caaea 
of  eye  conjunct ivitia  have  been  known  to  oocur  when  the  individual  wore 
ordinary  apectaclea. 

2.  Skin  Protection  < 

Installations  requiring  akin  protection  alao  require  eye  protection. 
The  main  portion  of  the  body  and  the  arme,  and  lege  are  protected  by  ordi¬ 
nary  clothing.  Rubber  or  cotton  glovee  can  be  uaed  to  proteot  the  hande. 

A  plaatic  peraonnel  hood  (Figure  75)  may  be  conveniently  uaed  to  proteot 
the  eye,  head,  and  neck*  In  eome  caaea  faoe  ahielda  adequately  proteot  the 
face  and  eyea.  Zf  the  face  ahield  ia  uaed,  it  ia  reoommended  that  aome 
type  of  oap  be  worn  to  proteot  the  area  of  the  upper  part  of  the  head. 
Peraonnel  working  in  areaa  where  reepiratora  are  required  can  be  provided 
with  a  modified  faoe  ahield  aa  illuatrated  in  Figure  75.  The  type  of 
equipment  uaed  when  UV  radiation  ia  inatalled  in  hoepital  operating  rooma 
ia  illuatrated  in  Figure  32. 

In  inetallationa  where  peraonnel  are  expoaed  to  high  intenaitiee 
for  long  perioda  of  time,  it  haa  been  neeeaeary  to  wear  aafety  gogglea  in 
addition  to  plaatic  peraonnel  hooda  (e.g.,  animal  rooma  with  UV  cage  raoka). 
Thia  ia  becauae  of  penetration  of  the  plaatic  by  the  longer  UV  wave  length* 
emitted  in  email  quantitiee  by  the  low  preaaure  mercury  vapor  lampe.  , 

Whenever  plaatic  itema,  auch  aa  faoe  ahielda,  are  uaed  for  UV  radia¬ 
tion  protection,  teata  ahould  be  made  to  aaaure  that  the  formulation  has 
aero  tranamiaaion  of  2537A.  Lucite  face  ahielda,  for  example,  have  on  oc- 
caaion  been  found  to  tranamit  germicidal  radiation. 
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glass,  50-53,  55,  61,  63 
paper,  57-58 

plastic,  50,  53-54,  57-56 
water,  56*57 

Trichophyton  mentaarophytes.  110 
fubercle  bacilli,  Ml,  14i 
Tuberculosis,  17,  141,  146 
Tularemia,  17 

Tumors,  development  of,  244-246 
Unit  lethal  exposure,  60 

Ultraviolet  absorption  (See  Absorption  of  UV  radiation  by) 

Ultraviolet  air  looks  (See  Air  looks,  UV) 

Ultraviolet  air-moving  systems  (See  Air-moving  systems,  UV) 

Ultraviolet  biologioal  aotion  factors  (See  Biologioal  aotion  of  UV,  factors) 
Ultraviolet  deeontamination  chamber  (See  Deoontsmination  chamber,  UV) 
Ultraviolet  portable  floodlight  (See  floodlight,  UV  portable) 

Ultraviolet  germicidal  ef foots  (See  Germicidal  effeots  of  UV  radiation) 
Ultraviolet  history  ($aa  History  of  ultraviolet) 

Ultraviolet  lamps  (See  Lamps) 

Ultraviolet  decontamination  chamber  for  paper  (See  Paper  decontamination 

chamber,  UV) 

Ultraviolet  reflector  (See  Beflector,  UV) 

Ultraviolet  shoe  raok  (See  Shoe  rack,  UV) 

Ultraviolet  warning  signs  (See  Warning  signs,  UV) 

Vaocinia  virus,  25,  109  \ 

Ventilated  cabinet,  UV,  203-204  <i 

Vibrio,  109 

Viruses 

action  speotrum,  22 

effeot  of  osone  on,  92-93 

effeot  of  ultraviolet  on,  25,  131-132 
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Warning  aigna,  UV,  248-249 
Watar,  UV 

Cdiainfactingr  133-136 
tranamiaalon,  53.  66-67 

Hava  langth,  ultraviolat  charactariatica,  21 ,  24,  26 

Xanon  lamp a,  27 
X-ray ,  19 

Yaaata,  106,  112 
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